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ADJUSTABLE EXPANSION CONE ASSEMBLY 

Cross Reference To Related AppKcations 

This application cJaims the benefit of the filing date of U.S. provisional patent application serial no. 

60/318,021, attorney docket no. 25791.58, filed on 9/7/2001, the disclosure of which is incorporated herein by 

reference. 

This application is related to the following: (I) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791 .7.02, filed on 2/23/2000, (3) U.S. patent ^plication serial no. 09/502,350, attorney docket no. 25791 .8.02, 
filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 
1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791 .1 1 .02, filed on 3/10/2000, 
(6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791,16.02, filed on 2/24/2000, (8) U.S. patent 
application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/^000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047» attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 25791 .37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 
60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
60/221,645, attorney docket no. 25791.46, filed on 7/28/2O0O, (20) U.S. provisional patent application serial no. 
60/233,638, attorney docket no. 25791 .47, filed on 9/1 8/2000, (2 1) U.S. provisional patent application serial no. 
60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 
60/270,007, attorney docket no. 25791.50, filed on 2/20/2001 ; and (23) U.S. provisional patent application serial no. 
60/262,434, attorney docket no.'25791.51, filed on 1/17/2001, the disclosures of which are incorporated herein by 
reference. 

Background of the Invention 
This invention relaCesr generally to wellbore casings, and in particular to wellbore casings that are formed 
using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in the borehole to prevent 
collapse of the borehole wall and to prevent undesired outflow of drilling fluid into the formation or inflow of fluid 
from the formation into the borehole. The borehole is drilled in interyals whereby a casing which is to be installed 
in a lower borehole interval is lowered through a previously installed casing of an upper borehole interval. As a 
consequence of this procedure the casing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters decreasing in downward direction. 
Clement annuli are provided between the outer surfaces of die casmg^ and the borehole wall to seal the casing from 
the borehole wall. As a consequence of this nested arrangement a relatively large borehole diameter is required at 
the upper part of the wellbore. Such a large borehole diameter involves increased costs due to heavy casing 
handling equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, increased 
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drilling rig time is involved due to required cement pumping, cement hardening, required equipment changes due to 
large variations in hole diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of the existing procedures 
for forming new sections of casing in a wellbore. 

Summary of the Invention 

According to one aspect of the present invention, an apparatus for radially expanding a tubular member is 
provided that includes a tubular support member that includes a first tubular support body defining a longitudinal 
passage, a first lug coupled to and extending fi-om the first tubular support body in the radial direction, a second lug 
coupled to and extending from the first tubular support body in the radial direction, and an expansion cone support 
body coupled to the furst tubular support body. The expansion cone support body includes an N-sided tapered 
tubular support member, wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot. N expansion cone segments are movably coupled to the expansion cone support body, each inchiding an 
expansion cone segment body mcluding arcuate conical outer surfaces, a first T-shaped retaining member coupled to 
the expansion cone segment body for movably coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body, and a second T-shaped retaining member coupled to the 
expansion cone segment body. A split ring collar assembly is movably coupled to the exterior of the tubular support 
member that includes a second tubular support body defining N T-shaped slots for movably receiving corresponding 
ones of the second T-shaped retaining members of the expansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body, A first drag block assembly is movably coupled to die tubular support 
member that includes a first drag block body defining a slot for receivmg and mating with the L-shaped retaining 
member of the split ring collar, and a first J-shaped slot for receiving the fu^t lug, and one or more first drag blocks 
coupled to the first drag block body. A second drag block assembly is movably coupled to the tubular support 
member that includes a second drag block body defining a second J-shaped slot for receiving the second lug, and 
one or more second drag blocks coupled to the second drag block body. First and second packer cups are coupled to 
the tubular support member between the first and second drag block assemblies. 

According to another aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member that includes a first tubular support body defming a longitudinal 
passage, a first fiange coupled to die fu^ tubular support body, a second flange coupled to the first tubular support 
body, a first tapered flange coupled to the fust tubular support body, a second tapered flange coupled to the first 
tubular support body, and ^txpansion cone support body coupled to the first mbular support body. The expansion 
cone support body includes an N-sided tapered tubular support member, wherein each side of the multi-sided 
tapered tubular support member defines a T-shaped slot. N expansion cone segments are movably coupled to the 
expansion cone support body, each including an expansion cone segment body including arcuate conical outer 
surfaces, a first T-shaped retaining member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the T-sh^>ed slots of the expansion cone support body, and 
a second T-shaped retauiing member coupled to the expansion cone segment body. A split ring collar is movably 
coupled to the exterior of the tubular support member that includes a second tubular support body that defines N T- 
shaped slots for jnovably receiving corresponding ones of die second T-shaped retaining members of the expansion 
cone segments, and an L-shaped retaining member coupled to the second mbular support body. A first collet 
assmbly is movably coupled to the tubular support member that includes a first tubular sleeve that defines a slot for 
receiving and mating with the L-shaped retainmg member of the split ring collar, a first counteibore for receiving 
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the first flange, and a first radial passage, a first spring received within the first counterbore, a first retaining ring 
received within the first counterbore, a first load transfer pin coupled to the first retaining ring and extending 
through the fust radial passage, a second tubular sleeve coupled to the first load transfer pin, a first resilient collet 
coupled to the second tubular sleeve and positioned above the fu^t tapered flange, and a third tubular sleeve coupled 
to the first resilient collet A second collet assembly is movably coupled to the tubular support member that includes 
a fourth tubular sleeve that defines a second counterbore for receiving the second flange, and a second radial 
passage, a second spring received within the second counterbore, a second retaining ring received within the second 
counterbore, a second load transfer pin coupled to the second retaining ring and extending through the second radial 
passage, a fifth tubular sleeve coupled to the second load transfer pin, a second resilient collet coupled to the fifth 
tubular sleeve and positioned above tlie second tapered flange, and a sixth njbular sleeve coupled to the second 
resilient collet First and second packer cups coupled to the tubular support member between the first and second 
collet assemblies. 

According to another aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member that mcludes a first tubular support body defining a longitudinal 
passes, a first radial passage defined in the first tubular support body fluidlcly coupled to the longitudinal passage, 
a first flange coupled to the first tubular support body, a second flange coupled to the first tubular support body, a 
first tapered flange coupled to the first tubular support body, a second ts^ered flange coupled to the first tubular 
support body, and an expansion cone support body coupled to the first tubular support body. The expansion cone 
support body mcludes an N-sided tapered tubular support member, wherein each side of the multi-sided tapered 
tubular support member defines a T-shaped slot N expansion cone segments are movably coupled to tlie expansion 
cone support body, each including an expansion cone segment body including arcuate conical outer surfeces, a first 
T-shaped retaining member coupled to the expansion cone segment body for movably couplmg the expansion cone 
segment body to a corresponding one of tlic T-shapcd slots of the expansion cone support body, and a second T- 
shaped rctainmg member coupled to the expansion cone segment body. A split rmg collar is nwvably coupled to the 
exterior of the tubular support member that includes a second tubular support body that defines N T-shaped slots for 
movably receiving corresponding ones of the second T-shaped retaining members of the expansion cone segments, 
and an L-shaped retaining member coupled to the second tubular support body. A first dog assembly is movably 
coupled to the tubular support member that includes a first tubular sleeve that defines a slot for receiving and mating 
with the L-shaped retaining member of the split ring collar, a first counterbore for receiving the first flange, and a 
second radial passage, a first spring received withm the first counterbore, a first retaming ring received within the 
first counterbore, a first loa^'fransfer pin coupled to the fu^t retaining ring and extending through the second radial 
passage, and a second tubular sleeve coupled to the first load transfer pin that defines a second counterbore for 
receiving the first tubular sleeve, a first resilient dog coupled to the second tubular sleeve and positioned adjacent to 
the first tapered flange. A second dog assembly is movably coupled to die tubular support member that includes a 
third tubular sleeve that defmes a second counterbore for receiving the second flange, a third radial passage, and a 
fourth radial passage fluidicly coupled to the first radial passage, a second spring received withm the second 
counterbore, a second retaining ring received within the second counterbore, a second load transfer pin coupled to 
the second retainmg ring and extending through the third radial passage, a fourth tubular sleeve coupled to the 
second load transfer pin, and a sec<md resilient dog coupled to the fourth mbular sleeve and positioned adjacem to 
1 the second tapered flange. First and second packer cups are coupled to the tubular support member between the first 
and second dog assemblies. 
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According to another aspect of tiie present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member that includes a first mbular support body defining a longitudinal 
passage including a throat passage, a first radial passage defined in the first tubular support body fluidicly coupled to 
the longinidinal passage, a first Hange coupled to the first tubular support body, a second flange coupled to the first 
nibular support body that defines a second radial passage defined in the second flange fluidicly coupled to the 
longitudinal passage, a tapered flange coupled to the first tubular support body, and an expansion cone support body . 
coupled to the first tubular support body. The expansion cone support body includes an N-sided tapered nibular 
support member, wherein each side of the muhi-sided tapered tubular support member defines a T-shaped slot. N 
expansion cone segments are movably coupled to the expansion cone support body, each including an expansion 
cone segment body including arcuate conical outer surfaces, a first T-shaped retaining member coupled to the 
expansion cone segment body for movably coupling the expansion cone segment body to a corresponding one of the 
T-shaped slots of the expansion cone support body, and a second T-shaped retaining member coupled to the 
expansion cone segment body. A split ring collar is movably coupled to the exterior of the tubular support member 
that inchides a second tubular support bocfy that defines N T-shaped slots for movably receiving corresponding ones 
of the second T-shaped retaining members of the e>q)ansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body, A dog assembly is movably coupled to the tubular support member that 
mcludes a first mbular sleeve that defines a slot for receiving and mating with the L-shaped retaining member of the 
split ring collar, a first counterbore for receiving the fnst flange, and a third radial passage, a spring received within 
the first counterbore, a retaining ring received within flie first counterbore, a load transfer pin coupled to the 
retaining ring and extending through the thiid radial passage, a second tubular sleeve coupled to the first load 
transfer pin that defines a first counterbore for receiving the first tubular sleeve, a second counterbore for receiving 
and mating with tiie tapered flange, and includes a third flange that defmes a third counterbore for receiving the 
second flange, a four* counterbore for receiving the second flange, and a fourth radial passage, and a resilient dog 
coupled to the second tubular sleeve and positioned adjacent to the tapered flange. First and second packer cups are 
coupled to the mbular support member between the resilient dog and the third flange. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that mcludes a tubular support member that includes a tubular support body and an expansion cone support body 
coupled to the mbular support body. The expansion cone support body includes an N-sided tapered mbular support 
member, wherein each side of the multi-sided tapered mbular support member defines a T-shaped slot N expansion 
cone segments are movably coupled to the expansion cone support body, each including an expansion cone segment 
body including arcuate conical outer surfaces, a first T-shaped retaining member coupled to tiie expansion cone 
segment body for movably coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is movably coupled to the exterior of Ae mbular support member that includes a 
second mbular support body that defines N T-shaped slots for movably receiving corresponding ones of the second 
T-shaped retaining members of the expansion cone segments, and an L-sh^cd retainmg member coupled to the 
second mbular support body. A mbular acmating sleeve is movably coupled to the mbular support member that 
inchides a third mbular si^port body that defines a slot for receiving and mating widi the L-shaped retaining 
member of the split ring collar. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that mcludes a mbular support member that includes a first tubular support body, and an expansion cone support 
body coupled to the mbular support body. The expansion cone support body includes a tapered mbular support 
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member defining N stepped slots. An expansion cone assembly is movably coupled to the tubular support member 
that includes a second tubular support body movably coupled to the first tubular support body defining an L-shaped 
slot, and N expansion cone segments extending from the second tubular support member. Each expansion cone 
segment includes a resilient collet coupled to the second tubular support member, an expansion cone segment body 
coupled to the resilient collet including arcuate conical outer surfaces, and a retaining member coupled to the 
expansion cone segment body for movably coupling the expansion cone segment body to a corresponding one of the . 
stepped slots of the expansion cone support body. A split ring collar is movably coupled to the exterior of the 
tubular support member that includes a third tubular support body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular support body of the expansion 
cone assembly, and a second L-shaped retaining member coupled to the third tubular body. A mbular actuating 
sleeve is movably coupled to the tubular support member that mcludes a third tubular support body that defines a 
slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a tubular support member that uicludcs a first tubular support body, and an expansion cone support 
body coupled to the tubular support body. The expansion cone support body includes a tapered tubular support 
member defining N slots. An expansion cone assembly is movably coupled to the tubular support member that 
includes a second tubular support body movably coupled to the first tubular support body defining an L-shaped slot, 
and N expansion cone segments extending fix)ra the second tubular support member. Each expansion cone segment 
includes a resilient collet coupled to the second tubular support member, an expansion cone segment body coupled 
to the resilient collet inchiding arcuate conical outer surfaces, and a retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segment body to a corresponding one of the slots of the 
expansion cone support body. A split ring collar is movably coupled to the exterior of the tubular support member 
that includes a third tubular support body, a first L-shaped retaining member coupled to the third tubular support 
body for mating with the L-shaped slot of the second tubular support body, and a second L-shaped retaining member 
coupled to the third tubular support body. A tubular actuating sleeve is movably coupled to die mbular support 
member that includes a third tubular support body that defines a slot for receiving and mating with the second L- 
shaped retaming member of the split ring collar. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a tubular support member that includes a first tubular support body, and an expansion cone support 
body coupled to the tubular support body. TTie expansion cone support body includes a tapered tubular support 
member defining N slots. Ait expansion cone assembly is movably coupled to the tubular support member that 
includes a second mbular support body movably coupled to the first tubular support body defining an L-shaped slot, 
N/2 first expansion cone segments extending fi-om the second tubular support member, and N/2 second expansion 
cone segments extending from the second tubular member. Each first expansion cone segment includes a first 
resilient collet coupled to the second tubular support member, a first expansion cone segment body coupled to the 
resilient collet including arcuate conical outer surfeces, and a first retammg member coupled to the expansion cone 
segment body for movably coupling the expansion cone segment body to a correspondmg one of die slots of the 
expansion cone support body. Each second expansion cone segment inchides a second resUient collet coupled to the 
second mbular support member, a second expansion cone segment body coupled to the resilient collet mcluding 
arcuate conical outer surfaces, and a second raining member coupled to the expansion cone segment body for 
movably couplmg the expansion cone segment body to a correspondmg one of the slots of tiic expansion cone 
support body. The second expansion cone segments overiap and are uiterleaved wift the first expansion cone 
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segments. A split ring collar is movably coupled to the exterior of the Uibular support member that includes a third 
tubular support body, a first L-shaped retaining member coupled to the third tubular support body for mating with L- 
shaped slot of the second tubular support body, and a second L-shaped retaining member coupled to the third tubular 
support body. A tubular acniating sleeve is movably coupled to the tubular support member that includes a third 
mbular support body that defines a slot for receiving and mating with the second L-shaped retaining member of the 
split ring collar. 

Acccrdmg to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a tubular support member that includes a first tubular support body, and an expansion cone support 
body coupled to the first tubular support body. The expansion cone support body includes an N-sided tapered 
tubular support member, wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot, m fiist expansion cone segments are movably coupled to the expansion cone support body, each including a 
first expansion cone segment body including arcuate conical outer surfaces, a first T-shaped retaining member 
coupled to the first expansion cone segment body for movably coupling the first expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a second T-shaped retaining 
member coupled to the first expansion cone segment body. N/2 second expansion cone segments are also movably 
coupled to the expansion cone support body, each including a second expansion cone segment body including 
arcuate conical outer surfaces, a third T-shaped retaining member coupled to the second expansion cone segment 
body for movably coupling the second expansion cone segment body to a corresponding one of the T-shaped slots of 
the expansion cone support body, and a fourth T-shaped retaining member coupled to the expansion cone segment 
body. The first and second expansion cone segments arc interleaved. The first expansion cone segment bodies are 
complementary shaped with respect to the second expansion cone segment bodies. A split ring collar assembly is 
movably coupled to the exterior of the tubular support member that includes a second tubular support body that 
defmes N T-shaped slots for movably receiving corresponding ones of the second and fourth T-shaped retainmg 
members of the interleaved fu-st and second expansion cone segments, and an L-shaped retaining member coupled to 
the second tubular support body. A tubular actuating sleeve movably coupled to the tubular support member that 
includes a diird tubular support body that defmes a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar. 

According to another aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member tfiat includes a first tubular support body defining a longitudinal 
passage, a first lug coupled to and extending from the first tubular support body in the radial direction, and a second 
lug coupled to and cxtcndiifgfiDm the first tubular support body in the radial direction. An adjustable expansion 
cone assembly is movably coupled to the tubular support member. A first drag block assembly is movably coupled 
to the tubular support member that includes a first drag block body coupled to the adjustable expansion cone 
assembly that defines: a firet J-shaped slot for receiving the first hig, and one or more first drag blocks coupled to 
the first drag block body. A second drag block assembly is movably coupled to the tubular support member that 
mcludes a second drag blodc body that defines: a second J-shaped slot for receiving the second hig, and 
one or more second drag blocks coupled to the second drag block body. Fh^t and second packer cups arc coupled to 
the tubular support member between the first and second drag block assemblies. 

Acconiing to another aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member that includes a first tubular support body defining a longitudinal 
passage, a firet flange coupled to the first tubular support body, a second flange coupled to the first tubular support 
body, a first tapered flange coupled to the first tubular support body, and a second tapered flange coupled to the first 
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tubular siqjport body. An adjustable expansion cone assembly is movably coupled to the tubular support member. 
A first collet assembly is movably coupled to the tubular support member that includes a fu-st tubular sleeve coupled 
to the adjustable expansion cone assembly and defines a first counterbore for receiving the first flange, and a first 
radial passage, a first spring received v«thin the first counterbore, a first retaining ring received within the first 
counterbore, a fiist load transfer pin coupled to the first retaining ring and extending through the first radial passage, 
a second tubular sleeve cotqiled to the first load transfer pin, a first resilient collet coupled to the second Wbular 
sleeve and positioned above the first tapered flange, and a third tubular sleeve coupled to the first resilient collet A 
second collet assembly is movably coupled to the tubular support member that includes a fourth tubular sleeve that 
defines: a second counterbore for receiving the second flange, and a second radial passage, a second spring received 
within the second counterbore. a second retaining ring received within the second counterbore, a second load 
transfer pin coupled to the second retaining ring and extending through the second radial passage, a fiftii tubular 
sleeve coupled to the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve and 
positioned above the second tapered flange, and a sixth tubular sleeve coupled to the second resilient collet. First 
and second packer cups are coupled to the tubular support member between the Tost and second collet assemblies. 

According to anodier aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member that includes a first tubular support body defining a longitudinal 
passage, a first radial passage defined in the first tubular support body fluidicly coupled to the longitudinal passage, 
a first flange coupled to the first tubular support body, a second flange coupled to the first tubular support body, a 
first tapered flange coupled to die firet tubular support body, and a second tapered flange coupled to the first tubular 
support body. An adjustable expansion cone assembly is movably coupled to the tubular support member. A first 
dog assembly is movably coupled to the tubular support member that includes a first tubular sleeve coupled to the 
adjustable expansion cone assembly that defines: a first counterbore for receiving die first flange, and a second 
radial passage, a fu^ spring received within the first counterbore, a first retaining ring received within the first 
counterbore, a first load U^sfer pin coupled to the first retaining ring and extending dirough the second radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines: a second counterbore for receiving 
the first tubular sleeve, a first resilient dog coupled to the second tubular sleeve and positioned adjacent to the first 
tapered flange. A second dog assembly is movably coupled to die tubular support member that includes a third 
tubular sleeve that defines a second counterbore for receiving the second flange; 

a tfiird radial passage, and a fourth radial passage fluidicly coupled to the first radial passage, a second spring 
received within the second counterbore, a second retaining ring received withm the second counterbore, a second 
load transfer pin coupled to' the second retaming ring and extending through the third radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin, a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to die second tapered flange. Pint and second packer cups are coupled to the uibular support 
member between the first and second dog assemblies. 

According to anodier aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that mcludes a tubular support member that includes a first tubular support body defming a longitudinal 
passage includmg a throat passage, a first radial passage defmed in the first tubular support body fluidicly coupled to 
the longitudinal pass^e, a first flange coupled to the first tubular support body, and a second flange coupled to the 
first tubular support body that defines: a second radial passage defined in the second flange fluidicly coupled to the 
' longimdinal passage. An adjustable expansion cone assembly is movably coupled to the tubular support member. A 
dog assembly is movably coupled to die tubular support member that includes a first tubular sleeve coupled to the 
adjustable expansion cone ass^bly that defines a first counterbore for receiving the first flange, and a third radial 
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passage, a spring received within the first coumerbore, a retaining ring received within the first counterbore, a load 
transfer pin coupled to the retaining ring and extending through die third radial passage, a second tubular sleeve 
coupled to the first load transfer pin that defines: a first counterbore for receiving the fust tubular sleeve, a second 
counterbore for receiving and mating with the tapered flange, and includes a diird flange that defines a third 
counterbore for receiving the second flange, a fourth counterbore for receiving the second flange, and a fourth radial 
passage, and a resiUent dog coupled to the second tubular sleeve and positioned adjacent to the tapered flange. First 
and second packer cups are coupled to the tubular support member between die resilient dog and the third flange. 

According to another aspect of the present invention, an apparatus for radially expanding a tubular member 
is provided that includes a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, and means for adjusting the adjustable expansion cone assembly. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that inchides a tubular support member. An adjustable expansion cone is movably coupled to the tubular support 
member that bcludes a plurahty of expansion cone segments, and means for guiding the expansion cone segments 
on the tubular support member. The assembly further includes means for adjusting the adjustable expansion cone. 

According to another aspect of the present invention, a method of operating an adjustable expansion cone 
assembly hicludmg a plurality of expansion cone segments is provided that includes guiding the expansion cone 
segments on a tapered body, and controllably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an adjustable expansion cone 
assembly including a plurality of expansion cone segments is provided that includes guidmg the expansion cone 
segments on a multi-sided tapered body, interiocking the expansion cone segments, and controllably displacing the 
expansion cone segments along the tapered body. 

Accordmg to another aspect of the present invention, a method of operating an adjustable expansion cone 
assembly including a plurality of expansion cone segments is provided that includes resiliently guiding the 
expansion cone segments on a muhi-sided tapered body, guiding each of the expansion cone segments on opposite 
sides in the circumferential direction, interlocking the expansion cone segments, and cond-ollably displacing the 
expansion cone segments along the tapered body. 

Accordmg to another aspect of the present invention, a method of operatmg an adjustable expansion cone 
assembly including a plurality of expansion cone segments is provided that includes dividing the expansion cone 
segments into first and second groups of expansion cone segments, interleaving the first and second groups of 
expansion cone segments, overiapping the fust and second groups of expansion cone segments, resiliently guiding 
the expansion cone segraentst)ri a multi-sided tapered body, guiding each of the expansion cone segments on 
opposite sides in die circumferenUal direction, and controllably displacing the expansion cone segments along the 
tapered body. 

According to another aspect of the present invention, a method of operating an adjustable expansion cone 
assembly including a plurality of expansion cone segments is provided that includes dividing the expansion cone 
segments into first and second groups of e^qiansion cone segments, interieaving die first and second groups of 
expansion cone segments, guiding the expansion cone segments on a multi-sided tapered body, and controllably 
displacing the expansion cone segments along the tapered body while also relatively displacing the first and second 
groups of expansion cone segments in opposite directions. 

According to anodier aspect of the present invention, a method of plastically deforming and radially 
expanding an expandable tubular member using an apparatus including a tubular support member, an adjustable 
e3q>ansion cone assembly movably coupled to the tubular support member, and an actuator movably coupled to the 
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tubular support member for adjusting the adjustable expansion cone assembly, is provided that includes coupling a 
first end of the expandable mbular member to a tubular snucture, locking the actuator to the tubular support member 
of the apparams, inserting the apparatus into the first end of the expandable tubular member, moving the actuator 
and the adjustable expansion cone assembly of the apparattis out of the second end of the expandable mbular 
member, reinserting the actuator of the apparatus into the second end of the expandable tubular member, unlockmg 
the actuator from the tubular support member of the apparattis. rotating the actuator relative to the tobular support 
member of the apparatus, and increasing the outside diameter of the adjustable expansion cone assembly by moving 
the tubular support member relative to the actuator, die adjustable expansion cone assembly and the expandable 
tubular member, and plastically deforming and radially expanding the expandable tubular member by moving the 
adjustable expansion cone assembly through the expandable mbular member. 

According to another aspect of the present invention, a method of plasticaDy deforming and radially 
expandmg an expandable tubular member using an apparatus inchiding a tubular support member, an adjustable 
expansion cone assembly movably coupled to the mbular support member, and an actuator movably coupled to the 
mbular support member for adjusting the adjustable expansion cone assembly, is provided that includes coupling a 
first end of the expandable mbular member to a mbular strucmre, inserting the apparatus into the first end of the 
expandable mbular member in a first direction, displacing the acmator of the apparatus in a second direction 
opposite to the first direction, applying a resilient biasing force to the adjustable expansion cone assembly in the 
second direction, moving the acmator and the adjustable expansion cone assembly of the apparams out of the second 
end of the expandable mbular member, reinserting the actuator of the apparatus into the second end of the 
expandable mbular member in the second direction, increasing the outside diameter of the adjustable expansion cone 
assembly by displacing actuator and the adjustable expansion cone assembly relative to the expandable tubular 
member in the first direction, and plastically deforming and radially expanding the expandable mbular member by 
moving the adjustable expansion cone assembly through the expandable mbular member in the second direction. 

According to another aspect of die present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for guiding the expansion cone s^ments on a tapered 
body, and means for controUably displacmg the expansion cone segments along the tapered body. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for guiding die ejq)ansion cone segments on a multi- 
sided topered body, means for interlocking the expansion cone segments, and means for controllably displacing the 
expansion cone segments along the tapered body. 

According to another aspect of die present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for resiliemly guiding the expansion cone segments on a 
multi-sided tapered body, means for guiding each of the expansion cone segments on opposite sides in the 
circumferential direction, means for intCTlocking the expansion cone segments, and means for controllably 
displacing the expansion cone segments along die mpered body. 

According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that includes a plurality of expansion cone segments, means for dividmg the expansion cone segments into first and 
second groups of expansicm cone segments, means for interleaving the first and second groups of expansion cone 
segments, means for overlapping the first and second groups of expansion cone segments, means for resiliently 
guiding die expansion cone segments on a multi-sided tapered body, means for guiding each of the expansion cone 
segments on opposite sides in the cireumferential direction, and means for controllably displacing the expansion 
cone segments along the tapered body. 
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According to another aspect of the present invention, an adjustable expansion cone assembly is provided 
that inchides a plurality of expansion cone segments, means for dividing the expansion cone segments into first and 
second groups of expansion cone segments, means for interleaving the first and second groups of expansion cone 
segments, means for guiding the expansion cone segments on a multi-sided tapered body, and means for 
contrullably displacing the expansion cone segments along the tapered body while also relatively displacing the firet 
and second groups of expansion cone segments in opposite directions. 

According to another aspect of the present invention, an apparatus for plastically deforming and radially 
expanding an expandable tubular member is provided that includes a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembly, means for locking the actuator to the tubular support member of the apparatus, means for 
unlocking the actuator from the tubular support member of the apparatus, and means for increasing the outside 
diameter of the adjustable expansion cone assembly by moving the tubular support member relative to the actuator, 
the adjustable expansion cone assembly, and the expandable tubular member. 

According to anotiier aspect of the present invention, an apparatus for plastically deforming and radially 
expanding an expandable tubular member is provided that includes a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembly, means for displacing the actuator of the apparatus in a first direction, means for applying 
a resilient biasing force to the adjustable expansion cone assembly when the actuator is displaced in the first 
direction, and means for increasing the outside diameter of the adjustable expansion cone assembly by displacing the 
actuator and the adjustable expansion cone assembly relative to die expandable tubular member in a second 
direction opposite to the first direction. 

Brief Description of the Drawings 
Figs. 1 and la-Id are fragmentaiy cross-sectional views of an embodiment of the placement of an apparatus 
for radially expanding a mbular member within a tubular member widiin a borehole within a subterranean 
formation. 

Fig. le is a cross-sectional view of an embodiment of the expansion cone support body of the apparatus of 
Figs. 1 and la-id. 

Fig. If is a cross-sectional view of the expansion cone support body of Fig. le. 
Fig. Ig is a side view of an embodiment of an expansion cone segment for use in the apparatus of Figs. 1 
and la- Id. 

Fig. Ih is a front i^ieSv of the expansion cone segment of Fig. Ig. 
Fig. li is a top view of the expansion cone segment of Fig. Ig. 

Fig. 1 j is a top view of an embodimeat of interiockmg expansion cone segments for use in the apparatus of 
Figs. I and la-Id. 

Fig. Ik is a top fragmentary circumferential view of an embodiment of the coupling airangement between 
the expansion cone segments and the split ring collar for use in the apparatus of Figs. 1 and 1 a-1 d. 

Figs. 11 and Ira are top schematic views of an embodiment of the coupling between the J-slots of the drag 
blocks and the lugs of the tubular suppon member of the apparatus of Figs. 1 and la- Id. 

Figs. 2 and 2a-2d are fiBgmcntary cross-sectional illustrations of the apparatus of Figs. 1 and la-1 d during 
the radial expansion of die tubular member within the borehole within the subterranean formation. 

Figs. 2c and 2f are illustrations of an embodiment of the J-slots of the drag blocks and tiie lugs of the 
tubular support member of the apparatus of Figs. 2 and 2a-2d. 
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Figs. 2g and 2h are illustrations of an alteraative embodiment of the J-slots of the drag blocks and the lugs 

of the tubular support member of the apparatus of Figs. 2 and 2a-2d. 

Figs. 3 and 3a-3c are j&^gmentary cross-sectional illustrations of an embodiment of the placement of an 

apparams for radially expanding a tubular member within a wellbore casing within a subterranean formation. 

Fig. 3d is a cross-sectional view of an embodiment of the expansion cone support body of the apparatus of 

Figs. 3 and3a-3c- 

Fig. 3e is a cross-sectional view of the expansion cone support body of Fig. 3d. 
Fig. 3f is a side view of an embodunent of an expansion cone segment for use in the apparatus of Figs. 3 
and 3a-3c. 

Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 
Fig. 3h is a top view of the expansion cone segment of Fig. 3f. 

Fig. 3i is a top view of an embodiment of interlocking expansion cone segments for use in the apparatus of 
Figs.3and3a-3c. 

Fig. 3j is a top fragmentary circumferential view of an embodhnent of the coupling arrangement between 
the expansion cone segments and the split ring collar for use in the apparatus of Figs. 3 and 3a-3c. 

Figs. 4 and 4a-4d are fragmentary cross-sectional illustrations of an embodiment of the placemoit of the 
apparatus of Figs. 3 and 3a-3c including an expandable tubular member within an expandable tubular member 
within a subterranean formation. 

Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an embodiment of the operation of the 
apparatus of Figs. 4 and 4a-4d during the radial expansion of the expandable tubular member within the borehole 
within the subterranean formation. 

Figs. 6 and 6a-6d are fragmentary cross-sectional illustrations of an embodiment of the placement of an 
^paratus for radially expanding a nibular member within a borehole within a subterranean formation. 

Fig. 6e is a cross-sectional view of an embodiment of the expansion cone support body of the apparatus of 
Figs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Fig. 6e. 

Fig. 6g is a side view of an embodiment of an expansion cone segment for use m the apparatus of Figs. 6 
and 6a-6d. 

Fig. 6h is a front view of the expansion cone segment of Fig. 6g. 
Fig. 6i is a top view of the expansion cone segment of Fig. 6g, 

Fig. 6j is a top vieW't)f an embodiment of interlocking expansion cone segments for use in the apparatus of 
Figs. 6 and 6a-6d. 

Fig. 6k is a top fiBgmentary circumferential view of an embodiment of the coupling arrangement between 
Ae expansion cone segments and the split ring collar for use in die apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-secdonal illustrations of an embodiment of the placement of the 
apparatus of Figs. 6 and 6a-6d mcluding an expandable tubular member within a borehole within a subterranean 
formation. 

Figs. 8 and 8a-8d are fragmentary cross-sectional illustrations of an embodiment of the operation of the 
apparatus of Figs. 7 and 7a-7d during the radial expansion of the expandable tubular member withm a borehole 
) withm a subterranean formation. 

Fig. 9 is a fragmentary cross sectional illustration of an embodimem of an expansion cone assembly in an 
imexpanded positioiL 

11 



wo 03/023178 PCTAJS02/25608 
Fig. 9a is a cross sectional illustration of the expansion cone assembly of Fig. 9. 
Fig. 10 is a fragmentary cross sectional illustration of the expansion cone assembly of Fig. 9 in an 
expanded position. 

Fig. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 10. 

Fig. 11 is a &agmenta7y cross sectional illustration of an embodiment of an expansion cone assembly in an 
unexpanded position. 

Fig. 1 ]a is a cross sectional illustration of the expansion cone assembly of Fig. 11. 

Fig. 12 is a fragmentary cross sectional illustration of the expansion cone assembly of Fig. 1 1 in an 
expanded position. 

Fig. 12a is a cross sectionaJ illustration of the expansion cone assembly of Fig. 12. 

Fig. 13 is a fragmentary cross sectional illustration of an embodiment of an expansion cone assembly in an 
unexpanded position. 

Fig. 13a is a cross sectional illustration of the e}q>ansion cone assembly of Fig. 13. 

Fig. 13b is a fragmentary top circiunferendal illustration of the expansion cone segment assembly of Fig. 
13 that illustrates the interleaved sets of collets. 

Fig. 1 3c is a fragmentary cross sectional illustration of the interleaved collets of Fig. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone assembly of Fig. 13 in an 
expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 14. 

Figs. 15 and ISa-lSc are fragmentary cross-sectional illustrations of an embodiment of the placement of an 
apparatus for radially expanding a tubular member within a borehole within a subterranean formation. 

Fig. 15d is a cross-sectional view of an embodiment of the e^ansion cone support body of the apparatus of 
Figs. 15 and 15a-15c. 

Fig. 15e is a cross-sectional view of the expansion cone stipport body of Fig. 15d. 

Fig. 15f is a side view of an embodiment of an expansion cone segment for use in the apparams of Figs. 15 
and 15a-15c. 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f 
Fig. 15h is a top view of the expansion cone segment of Fig. 15f. 

Fig. 15i is a top view of an embodiment of interlocking expansion cone segments for use in the apparatus 
of Figs. 15 and 15a-15c. 

Fig. 15j is a top friagm'entary circumferential view of an embodiment of Ae coupling arrangement between 
the expansion cone segments and the split ring collar for use in the apparatus of Figs. 15 and l5a-lSc. 

Figs. 16 and 16a- 16c are fragmentary cross-sectional illustrations of an embodiment of the placement of the 
apparatus of Figs. 15 and 15a-l5j inchidmg an expandable tubular member within a borehole within a subterranean 
formation. 

Figs. 1 7 and 1 7a- 17c are fragmentary cross-sectional illustrations of an embodiment of the operation of the 
apparatus of Figs. 16 and 1 6a- 1 6c during the radial expansion of the expandable tubular member within a borehole 
within a subterranean formation. 

Fig. 18a is a cross sectional illustration of an embodiment of a segmented expansion cone assembly in an 
unexpanded position. 

Fig. 18b is a fragmentary circumferential top illustration of the expansion cone and ^lit ring collar of Fig. 

18a. 
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Fig. I8c is a fragmentary cross-sectional illustration of the expansion cone support flange of the expansion 

cone assembly of Fig. 1 8a. 

Fig. 18d is a cross-sectional illustration of the expansion cone support flange of Fig. 18c. 

Fig. 19a is a cross sectional iUustration of an embodiment of the segmented expansion cone assanbly of 
Fig. 1 8a in an expanded position. 

Fig. 19b is a fragmentary circumferential top view of the expansion cone of Fig. I9a. 

Figs. 20a-20m are top circumferential views of various alternative embodiments of interlocking expansion 
cone segment geometries. 

Detailed Description of the Illustrative Embodiments 

Referring initially to Figs. 1 and la-Id, an embodiment of an apparatus and method for radially expanding 
a mbular member will now be described. As Ulustrated in Figs. 1 and la-ld, a wellbore 100 is positioned in a 
subterranean formation 105. In an exemplary embodiment, the wellbore 100 may include a pre-existing cased 
section 110. The wellbore 100 may be positioned in any orientation from vertical to horizontal. 

In order to extend the wellbore lOO into the subterranean formation 105, a drill string is used in a well 
known manner to drill out material from the subterranean formation 105 to form a new wellbore section 115. Ina 
prefeiied embodiment, die inside diameter of the new wellbore section 1 15 is greater than or equal to the inside 
diameter of the preexisting wellbore casing 1 10. 

A tubular member 120 defining a passage 120a may then be positioned witiiin the wellbore section 1 15 
with the upper end 120b of the tubular member coupled to the wellbore casing 1 10 and the lower end 120c of the 
tubular member extending into die wellbore section. The tubular member 120 may be positioned within the 
wellbore section 1 15 and coupled to the wellbore casmg 1 10 in a conventional manner. In a preferred embodiment, 
tiie tubular member 120 is positioned within the wellbore section 1 15 and coupled to the wellbore casing 1 10 using 
one or more of the methods and apparams disclosed in one or more of the following: (1) U.S. patent application 
serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440^38, attorney docket 
no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523.460, attorney docket no. 
25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, 
filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2,'24/2000, (8) U.S. patent appUcation serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) 
U.S. patent application serf^no. 09/559.122, attorney docket no. 25791 .23,02, filed on 4/26/2000, (10) PCT patem 
application serial no. PCT/USOO/18635. attorney docket no. 2579125.02, filed on 7/9/2000, (1 1) U.S. provisional 
patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional 
patent appUcation serial no. 60/154,047, attorney docket no. 25791.29, filed wi 9/16/1999, (13) U.S. provisional 
pat«it qjplication serial no. 60/159,082, attorney docket no. 25791 34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 10/12/1999, (15) U.S. provisional 
patent application serial no. 60/159,033, attorney docket no. 2579137, filed on 10/12/1999, (16) U.S. provisional 
patent application serial no. 60/2 12,359, attorney docket no. 25791 38, filed on 6/1 9/2000, (1 7) U.S. provisional 
patent appUcation serial no. 60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisioral 
) patent appUcation serial no. 60/22 1 .443, attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional ■ 
patent application serial no. 60/22 1 .645, attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638. attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional 
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patent application serial no. 60/237334, attorney docket no. 25791 .48, filed on 10/2/2000, (22) U.S. provisional 
patent application serial no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001; and (23) U.S. provisional 
patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001 ; and (24) U.S. provisional 
patent application serial no. 60/259,486, attorney docket no. 25791.52, filed on 1/3/2001, the disclosures of which 
are incoiporated herein by reference. 

As illustrated in Figs. 1 and la-Id, an apparatus 200 for radially e9q)anding a tubular member may then be . 
positi(uied in the new section 1 15 of the wellbore 100 within the tubular member 120. The apparatus 200 includes a 
tubular support member 205 defining an internal passage 205a that is coupled to an end of a tubular coupling 210 
defining an internal passage 21 Oa. The other end of the tubular coupling 2 1 0 is coupled to an end of a tubular 
support member 225 defining an interna} passage 215a that includes a first lug 2 15b, a radial passage 215c, a first 
flange 215d, a second flange 215e, a second lug 215£ and an expansion cone support body 21 5g. The other end of 
the tubular support member 215 is coupled to a tubular end stop 220 tiiat defmes a passage 220a. 

As illustrated m Fig3. le and If, die expansion cone support body 215g includes a first end 21 5ga, a tapered 
hexagonal portion 2 15gb that includes a plurality of T-shaped slots 215gba provided on each of die external faceted 
surfaces of the tapered hexagonal portion, and a second end 2]5gc. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion ranges from about 35 to 50 degrees for reasons to be described. 

As Ulustrated in Figs. 1, la-Id, Ig, Ih, and 1 i, a plurality of expansion cone segments 225 are provided that 
include first ends 225a that include T-shaped retaining members 225aa and second ends 225b that include T-shaped 
retaining members 225ba that mate with and are received within corresponding T-shaped slots 21 5gba on the 
tapered hexagonal portion 215gb of the expansion cone support body 21 5g, first external surfaces 225bb, second 
external sur&ces 225bc, and third external sur&ces 225bd. Thus, in an exemplary embodunent, a total of six 
expansion cone segments 225 are provided that are slidably coupled to corresponding sides of tiie tapered hexagonal 
portion 215gb of the expansion cone support body. 

In an exemplary embodiment, the widths of the first external surfaces 225bb of the expansion cone 
segments 225 increase in the direction of the second external surfaces 225bc, the widths of the second external 
surfaces are substantially constant, and the widdis of the third external surfaces 225bd decrease in the direction of 
the first ends 225a of the expansion cone segments for reasons to be described. In an exemplary embodunent, the 
first external sur&ces 225bb of the expansion cone segments 225 taper upwardly in the direction of the second 
external surfaces 225bc, the second external surfaces taper upwardly in the direction of the third external surfaces 
» 225bd, and the third external surfaces 225bd taper downwardly in the direction of the first ends 225a of the 

expansion cone segments forTeasons to be described. In an exemplary embodiment, the angle of attack of the taper 
of the fu^t external surfaces 225bb of the expansion cone segments 225 are greater than the angle of attack of the 
tsqier of the second external sur&ces 225bc. In an exemplary embodiment, the first and second external surfaces, 
225bb and 225bc, of the expansion cone segments 225 are arcuate such that when the oqsansion cone segments 225 
are displaced in the direction of the end stop 220, the first and second external sur&ces of the expansion cone 
segments provide a substantially continuous outer circumferential surface for reasons to be described. 

As illustrated in Fig. Ij, in an exemplary embodiment, the external surfaces, 225bb, 225bc, and 225bd, of 
the second ends 225b of the expansion cone segments 225 are adapted to mace with one another in order to interlock 
adjacent expansion cone segments. 

As illustrated in Figs. 1 , 1 £h 1 d, and Ik, a split ring collar 230 that defines a passage 230a for receiving the 
tubular support member 215 js pn>\dded that includes a first end that includes plurality of T-sh^d slots 230b for 
receiving and mating with corre^onding T-shaped retaining members 225aa of the expansion cone segments 225 
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and a second end that includes an L-shaped retaining member 230c. In an exemplary embodiment the split ring 
collar 230 is a conventional split ring collar commercially available from Halliburton Energy Services modified in 
accordance with the teachings of the present disclosure. 

As iUusn^ted in Figs. 1, la-Id, and Im, a drag block assembly 235 that defmes a passage 235a for 
receiving the tubular support member 21 5 is provided that includes a first end that includes an L-shaped slot 235b 
for receiving and mating with the L-shaped retaining member 230c of the split ring collar 230, one or more 
conventional drag block elements 235c, and a J-shaped slot 235d including a retaining slot 235da for receiving the 
second lug 215f of the tubular support member 215. In an exemplary embodiment, the longinidinal axis of the J- 
shaped slot 235d of the drag block assembly 235 is substantially parallel to the longitudinal axis of the tubular 
support member 215 for reasons to be described 

A first conventional packer cup assembly 240 that defines a passage 240a for receiving the tubular support 
member 215 includes a first end 240b tiiat mates with the second flange 215e of the tubular support member, a 
conventional sealing cup 240c, and a second end 240d. A tubular spacer 245 that defmes a passage 245a for 
receiving the tubular support member 215 includes a first end 245b that mates with the second end 240c of the first 
packer cup assembly 240 and a second end 245c. A second conventional packer cup assembly 250 that defines a 
passage 250a for receiving the tubular support member 215 includes a first end 250b that mates with the second end 
245c of the spacer 245, a conventional sealing cup 250c, and a second end 250d that mates with die first flange 21 5d 
of the tubular support member. 

As illustrated in Figs. U la-Id. and 11, a drag block assembly 255 that defines a passage 255a for receiving 
the tubular support member 215 is provided that includes a first end that includes scaling members, 255b and 255c, 
one or more conventional dr^ block elements 255d, and a J-shaped slot 255e including a retaining slot 255ea for 
receiving the first lug 215b of the tubular support member 215. In an exemplaiy embodiment, the longitudinal axis 
of the J-shaped slot 255c of die drag block assembly 255 is substantially parallel to the longitudinal axis of the 
tubular support member 215 for reasons to be described. 

In an exemplary embodiment, during operation of the apparatus 200, as illustrated in Figs. 1 and ia-lm, the 
apparatus may be positioned in the wellbore 1 15, within the tubular member 120, with the first and second lugs. 
215b and 215f, respectively, positioned within the retaining slots, 255ea and 235da, respectively, of the J-slots, 255c 
and 235da, respectively, of the drag block assembly 255 and 235. respectively. In tiiis manner, the drag block 
assembly 235 is mamtained in a substantially stationary position relative to the tubular support member 2 1 5 thereby 
preventing the expansion cone segments 225 from being displaced downwardly in the longitudinal direction relative 
to the tubular support merab^ 215 towards the end stop 220. Furtiiermore, in diis manner, the drag block assanbly 
255 is also maintained in a substantially stationary position relative to the tubular support member 215 thereby 
preventing the drag block assembly fiDm sealing off the radial passage 2 15c. to an exemplary onbodiment. during 
tiie placement ofthc apparatus 200 witiiin the wellbore 115and the tubular member 120, 4e radial passage 215c 
pennits fluidic materials outside of tfie tubular support member 215 to pass into the passage 215a tiiereby 
minimizing overpressure conditions within the annuhis outside of the tubular support member. 

In an exemplary embodiment, the apparatus 200 is positioned within the expandable mbular member 120 
such that die expansion cone body 21 5g, the end stop 220, and the expansion cone segments 225 extaid out ofthc 
expandable tubular member. In this manner, die expansion cone segments 225 may be driven up the tiered 
hexagonal portion 215gb of the expansion cone body 215g, thereby mcreasing die outside diameters of die 
e]q}ansion cone segments, widiout impacting the expandable tubular member 120. 
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The tubular support member 215 may then be rotated relative to the drag block assemblies, 235 and 255, 
thereby displacing the lugs, 215f and 215b, with respect to the J-shaped slots, 235d and 255e, respectively. The 
tubular support member 21 5 may then be displaced upwardly relative to the drag bjock assemblies, 235 and 255, in 
the longitudinal direction thereby displacing the drag block assemblies downwardly relative to the tubular support 
member. During the longitudinal upward displacement of the tubular support member 215 relative to the drag block 
assemblies, 235 and 255, the drag block assemblies, 235 and 255, are maintained in a substantially stationary 
position with respect to the expandable tubular member 120 by the frictional forces exerted by the drag blocks, 235c 
and 255d. of the drag block assemblies on the expandable tubular member, and during the upward longitudinal 
displacement of the tubular support member 215 relative to the drag block assemblies, the lugs, 215f and 2l5b, are 
guided in a substantiaUy longitudinal direction by the J-slots, 235d and 255e, respectively, of the drag block 
assemblies. 

The do>vnward longitudinal displacement of the drag block assembly 235 relative to the tubular support 
member 215 displaces the split ring coUar 230 downwardly along with the expansion cone segments 225. As a 
result, the expansion cone segments 225 are driven up the tapered hexagonal portion 2 15gb of the expansion cone 
support body 215g until the end feces of tiie expansion cone segments impact the stop member 220. As a result, the 
outside diameter of the expansion cone segments 225 increases. In an exemplary embodiment, once the expansion 
cone segments 225 impact the stop member 220, the outer surfaces, 225bb and 225bc, of the expansion cone 
segments provide a substantially continuous outer surface in the circumferential direction having a diameter that is 
greater than the inside diameter of the expandable tubular member 120. The downward longitudinal displacement of 
the drag block assembly 255 relative to the tubular support member 215 seals off the radial passage 2l5c thereby 
preventing the pressurized fluidic material 275 from entering the annulus surrounding the tubular support member 
215 through the radial passage. 

In an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f, the expandable tubular member 120 may 
then be radially expanded using the apparatus 200 by injecting a fluidic material 275 into the apparatus through the 
passages 205a, 210a, and 215a. The injection of the fluidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies, 240 and 250, seal off an annular 
region 120aa below the packer cup assemblies between the expandable tubular member 120 and the tubular support 
member 2 1 5, the injection of the fluidic material 275 may also pressurize fte annular region. 

The continued injection of the fluidic material 275 may then pressurize the interior 120a of the expandable 
tubular member 120 thereby plastically deforming and radially expanding the expandable tubular memba- off of the 
expansion cone segments 225r Because the outer surfeces, 225bb and 225bc, of the expansion cone segments 225 
are tapered, the plastic deformation and radial expansion of the expandable tubular member 120 proximate the 
expansion cone segments is feciiitated. Furthermore, in an exemplary embodiment, the continued injection of ihe 
fluidic material 275 also pressurizes the annular region 120aa defined between the interior surfece of the expandable 
tubular member 120 and the exterior surface of the tubular siqpport member 215 that is bounded on the upper end by 
the padcer cup assembly 240 and on the lower end by the expansion cone segments 225. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially expands the surrounding portion 
of the expandable mbular member 120. In this nanner, the plastic deformation and radial expansion of the 
expandable tubular member 120 is enhanced. Furthermore, during operation of the apparatus 200, the packer cup 
assemblies 240 and 250 prevent die pressurized fluidic material 275 from passing above and beyond the packer cup 
assemblies and thereby define the length of the pressurized annular region 120aa. In an exemplary embodiment, flic 
pressurization of the annular region 120aa decreases the opmXing pressures reqmred for plastic deformation and 
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radial expansion of the expandable tubular member 120 by as much as 50% and also reduces the angle of attack of 
the tapered external surfeces, 225bb and 225bc, of the expansion cone segments 225. 

-Rie radial expansion of the expandable tubular member 120 may then continue until the upper end I20b of 
the expandable tubular member is radially expanded and plastically deformed along with die overlapping portion of 
the wellbore casing 1 10. Because the expansion cone segments 225 may be adjustable positioned from an outside 
diameter less than the inside diameter of the expandable tubular member 120 to an outside diameter substantially 
equal to the inside diameter of the pre-existing casing 1 10, the resulting wellbore casing, including the casing 1 10 
and the radially expanded tubular member 120. created by the operation of the apparatus 200 may have a single 
substantially constant inside diameter thereby providing a mono-diameter wellbore casing. 

If the expansion cone segments 225 become lodged within the tubular member 120 during the radial 
expansion process, the tubular support member 21 5 may be displaced downwardly in the longitudinal direction and 
then rotated relative to the drag block assemblies, 235 and 255, thereby positioning the lugs. 215b and 215f, within 
the retaining slots, 255ea and 235da, respectively, of the J-slots, 255e and 235d, respectively. As a result, the 
expansron cone segments 225 may be displaced down the tapered hexagonal portion 2 1 5gb of the expansion cone 
support body 215g and avray from the end stop 220 thereby decreasing the external diameter of the expansion cone 
segments. In this manner, the tubular support member 205. the tubular support member 210, the tubular support 
member 215, the end stop 220, the expansion cone segments 225, the split ring collar 230. the drag block assembly 
235, the pack cup assembly 240, the spacer 245, the packer cup assembly 250, and the drag block assembly 255 may 
dien be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be raised out of the expanded 
portion of the tubular member 120 by applying an upward axial force to the tubular support member 215. In a 
preferred embodiment, during the radial expansion process, the expansion cone segments 225 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep the tubular member stationary 
relative to the new wellbore section 1 15. In an alternative preferred embodiment, the expansion cone segments 225 
are maintained in a stationary position during the radial expansion process thereby allowing the tubular member 120 
to be radially expanded and plastically deformed offof tiie expansion cone segments 225 and into the new wellbore 
section 1 15 under the force of gravity and the operating pressure of the interior of the mbular member 120. 

In a preferred embodiment when tfie upper end portion of the expandable tubular member 120 and the 
lower portion of the wellbore casing 1 10 that overlap with one another are plastically deformed and radially 
expanded by the expansion cone segments 225, the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating j5r^sure within the interior of the tubular member 120 and a upwardly directed axial force 
applied to the tubular support member 205. 

In a prefened embodiment, the operating pressure and flow rate of the fluidic material 275 is controllably 
ramped down when the expansion cone segments 225 reach the upper end portion of the ejqpandable tubular member 
120. In this manner, the sudden release of pressure caused by the complete radial expansion and plastic deformation 
of the expandable tubular membo- 120 offof the expansion cone segments 225 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 100% to about 10% during the 
end of the extrusion process be^nning when tiie expansion cone segments 225 are within about 5 feet from 
completion of the exttusion process. 

Alternatively, or in combination, tiie wall thickness of the upper end portion of the expandable tubular 
member 120 is tapered in order to gradually reduce the required operating pressure for plasticaUy def<OTiing and 
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radiaUy expanding the upper end portion of ttie tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the tubular support member 205 In order 
to absorb the shock caused by the sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub, or jars adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is provided in the upper end portion . 
of the expandable tubular member 120 m order to catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in combination, during the radial expansion process, an upward axial force is ^plied to 
the tubular support member 215 sufficient to plastically deform and radially expand the tubular member 120 off of 
the external surfaces, 225bb and 225bc, of the expansion cone segments 225. 

Alternatively, or in combmation, in order to facilitate the pressurizaiion of the interior 120a of the 
expandable mbular member by the injection of the fluidic materials 275, the region within the wellbore section 115 
below the apparatus 200 may be fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 205, the tubular support 
member 210, the tubular support member 215, the end stop 220, the expansion cone segments 225, the split ring 
collar 230, the drag block assembly 235, die pack cup assembly 240, the spacer 245, the packer cup assembly 250. 
and the drag block assembly 255 are removed from the wellbore 100. 

In an alternative embodimcDt, as illustrated in Figs. 2h and 2i, the J-slots, 235d and 255e, include one or 
more intermediate retaining slots, 235db and 255eb, respectively, that permit the relative longitudinal displacement 
of the tubular support member 215 relative to the drag block assemblies, 235 and 255. to be set at one or more 
intermediate stop positions. In this manner, the expansion segments 225 may be positioned at one or more 
intermediate positions on the tapered hexagonal portion 215gb of the expansion cone support body 215g thereby 
pennitting the external diameter of the expansion cone segments 225 to be adjusted to one or more intermediate 
sizes. In this manner, the radial expansion and plastic deformation of the expandable tubular member 120 be 
provided in different operation stages, each having a different expansion diameter. Furthermore, if the expansion 
cone segments 225 become lodged within the expandable tubular member 120, then the position of the expansion 
cone segments may be adjusted to provide a smaller outside diameter and the radial expansion process may be 
continued by injecting the fluidic material 275 and/or applying an upward axial force to the tubular support member 
215. 

Referring to Figs. 3 and 3a-3j, an alternative embodiment of an apparatus 300 for forming a wellbore 
casing in a subterranean foiro'ation will now be described. The apparams 300 includes a tubular support member 
305 defming an internal passage 305a that is coupled to an end of a tubular coupling 3 10 defining an internal 
passage 3 10a. The other end of the tubular coupling 3 10 is coupled to an end of a tubular support member 315 
defining an internal passage 315a that includes a fu^t flange 315b having oppositely tapered end-walls, 3 15ba and 
315bb, a second flange 315c, a radial passage 315d, a third flange 315e, a fourth flange 315^ a fifth flange 315g 
having oppositely tapend end-walls, 3 i5ga and 315g}). a fifth flange 315h, and an expansion cone support body 
3 1 5i. The other end of the tubular support member 315 is coiq)led to a tubular end stop 320 that defines a passage 
320a. 

As ilhisnated in Fig?. 3d and 3e, the expansion cone support body 3 15i includes a first end 3 15ia, a tapered 
hexagonal portion 3 1 5ib that inchides a phnality of T-shaped slots 3 1 5iba provided on each of the external faceted 
surfeces of the tapoed hexagonal portion, and a second end 3 1 5ic. In an exemplary embodiment, the angle of attack 
of the tapmd hexagonal portion 3 1 5ib ranges from ahfeut 35 to 50 degrees for reasons to be described. 
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As illustraied in Figs. 3. 3a-3c, and 3f-3h, a plurality of expansion cone segments 325 are provided that 
include first ends 325a that include T-shaped retaining members 325aa and second ends 325b that include T-shaped 
retaining members 325ba that mate with and are received within corresponding T-shaped slots 3 15iba on the tapered 
hexagonal portion 3 1 Sib of the expansion cone support body 3 1 5i, first external surfeces 325bb. second external 
surfaces 325bc, and third external surfeces 325bd. Thus, in an exemplary embodiment, a total of six expansion cone 
segments 325 are provided that are slidably coupled to corresponding sides of the tapered hexagonal portion 3 1 5ib 
of the expansion cone support body 315i. 

In an exemplary embodiment, the widths of tiie first external surfaces 325bb of the expansion cone 
segments 325 increase in the direction of the second external surfeces 325bc, the widths of the second external 
surfaces are substantially constant, and the widths of the third external surfaces 325bd decrease in the direction of 
the first ends 325a of the expansion cone segments for reasons to be described. In an exemplary embodiment, the 
first external surfaces 325bb of the expansion cone segments 325 taper upwardly in the direction of the second 
external surfaces 325bc, the second external surfaces taper upwardly in the direction of the third external surfaces 
325bd, and the third external surfaces 325bd taper downwardly in the direction of the first ends 325a of the 
expansion cone segments for reasons to be described. In an exemplary embodiment, the angle of attack of the taper 
of Ihe first external surfeces 325bb of the expansion cone segments 325 are greater than the angle of attack of the 
taper of the second external surfeces 325bc. In an exemplary embodiment, the first and second external surfaces, 
325bb and 325bc, of the expansion cone segments 325 are arcuate such that when the expansion cone segments 325 
are displaced in the direction of the end stop 320. the fu« and second external surfeces of the expansion cone 
segments provide a substantially continuous outer circumferential surface for reasons to be described. 

As illustrated in Fig. 3i, in an exemplary embodiment, the external surfeces, 325bb, 325bc, and 325bd, of 
the second ends 325b of the expansion cone segments 325 are adapted to mate with one another in order to interlock 
adjacent expansion cone segments. 

A split ring collar 330 that defines a passage 330a for receiving the tubular support member 31 5 is provided 
that includes a first end that includes plurality of T-shapcd slots 330b for receiving and mating with corresponding 
T-shaped retaining members 325aa of the expansion cone segments 325 and a second end that mcludes an L-shaped 
retaining member 330c. In an exemplary embodiment, the split ring collar 330 is a conventional split ring collar 
commereially available from Halliburton Energy Services modified in accordance with the teachings of the present 
disclosure. 

A collet assembly 335 is provided that includes a support ring 335a that defines a passage 335aa for 
receiving the tubular support member 3 1 5 and is coupled to an end of a resilient collet 335b having upper and lower 
sets of oppositely tapered shoulden, 335ba and 335bb, and, 335bc and 335bd, respectively, that is positioned 
proximate the fourth flange 3 15g of the tubular support member 3 15. The other end of the collet 335b Is coupled to 
an end of a tubular sleeve 335c that defines a passage 335ca. The other end of the tubular sleeve 335c is coupled to 
an end of a pin 335d. The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea for 
receiving the fifth flange 3 1 5h of the tubular support member 315. An end of a tubular coupling sleeve 335f thai 
defines a passage 335fa for receiving the mbular support member 3 15 is received within the opening 335ca of the 
tubular sleeve 335c that includes a recess 335ft) for receiving die fifth flange 3 15h of the tubular support member 
3 1 5 and the ring 335c, and a radial passage 335fc for receiving the pin 335d. Another end of the tubular coupling 
» sleeve 335f includes a passage 335fd for reccivmg the tubular support member 315 and a slot 335fe for receiving the 
L-shaped retaming member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for receiving 
the tubular support member 3 1 5, a spring 335h. and a ring 335i that defines a passage 335ia for receiving the tubular 
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support member 315 are also received within the recess 335fb. The ring 335g is positioned proximate one end of the 
recess 335fb, the ring 335i is positioned proximate die fifth flange 3 1 5h of the tubular support member 3 1 5 within 
the other end of the recess, and the spring 335h is positioned between the rings. 

A first conventional packer cup assembly 340 that defmes a passage 340a for receiving the tobular support 
member 315 includes a-first end 340b that mates with the fourth flange 31 5f of the tubular support member, a 
conventional sealing cup 340c. and a second end 340d. A mbular spacer 345 that defines a passage 345a for 
receiving the tubular support member 3 15 includes a first end 345b that mates with the second end 340d of the first 
packer cup assembly 340 and a second end 345c. A second conventional packer cup assembly 350 that defmes a 
passage 350a for receiving the tubular support member 315 includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c, and a second end 350d that mates with the third flange 
3 15e of the tubular support member. 

A collet assembly 355 is provided that includes a support ring 355a that defines a passage 355aa for 
receiving the tubular support member 315 and is coupled to an end of a resilient collet 355b having upper and lower 
sets of oppositely tapered shoulders, 355ba and 355bb, and, 355bc and 355bd, respectively, that is positioned 
proximate the first flange 3 15b of the tubular support member 3 1 5. The other end of the collet 355b is coupled to an 
end of a mbular sleeve 355c that defines a passage 355ca. The other end of the tubular sleeve 355c is coupled to an 
end of a pin 355d. The other end of the pin 355d is coupled to a ring 355e that defmes a passage 355ea for receiving 
the second flange 3 15c of the tubular support member 315. An end of a tubular sleeve 355f that defines a passage 
355fa for receiving the tubular support member 3 15 is received within the opening 355ca of the tubular sleeve 355c 
that includes a recess 355fb for receivmg the second flange 315c of the tubular support member 315 and the ring 
355e, and a radial passage 355fc for receiving the pin 355d. Another end of the tubular sleeve 355f includes a 
passage 355fd for receiving the tubular support member 31 5, a recess 355fe for receivmg an end of the tubular 
sleeve 355c, and sealing members 355fr. A ring 355g that defines a passage 355g^ for receiving the tubular support 
member 3 15 and a spring 355h are also received within the recess 355fb. An end of the ring 355g is positioned 
proximate the second flange 3 1 5c of the tubular support member 3 1 5 within an end of the recess 355fb and tfie odier 
end of the ring is positioned an end of the spring 355h. The other end of the spring 355h is positioned proximate the 
other end of the recess 355fb. 

In an exemplary embodiment, during operation of the apparatus 300, as illustrated in Figs. 3 and 3a-3j, the 
apparatus may be initially positioned in the wellbore 100, within the casing 1 1 0, with the collet assemblies 335 and 
355 positioned in a neutral position in which the radial passage 3 15d of the tubular support member 3 15 is not 
covered by the tubular sle^v^ 355f and the expansion cone segments 325 are not driven up the tapered hexagonal 
portion 3 1 5ib of the expansion cone support body 3 1 5i of the tubular support member 3 1 5 into contect with the stop 
member 320. In this manner, fluidic materials within the interior 3 1 5a of the tubular support member 3 1 5 may pass 
through the radial passage 3 1 5d into the annulus between the apparatus 300 and the casing 1 10 thereby preventing 
over pressurization of the annulus. Furthermore, in this manner, the outside diameter of the cjqiansion cone 
segments 325 is less than or equal to the outside diamtter of the stop member 320 thereby permitting the apparatus 
300 to be displaced within the casing 1 10. 

As illustrated in Figs. 4, and 4a-4d, the a^)paratus 300 may then be positioned in die tubular member 120. 
During the insertion of the apparatus into the tubular member 120, die upper end 120b of the tubular member may 
impact the tapered shoulders, 335bb and 355bb, of the collets, 335b and 355b, respectively, diereby driving the 
coMets backwarf until the tapered shoulders, 335bd and 355bd, of the coUets are positioned proximate the tapered 
shouldere, 315ga and 315ba, respectively, of the tubular support member. As a result, the support rings, 335a and 
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355a, the collets, 335b and 355b, the tubular sleeves, 335c and 355c, the pins, 33 5d and 355d, the rings, 335e and 
355e, and the rings, 335g and 355g, of the collet assemblies, 335 and 355, respectively, are driven backward, 
compressing the springs, 335h and 355h, thereby applying axial biasing forces to the tubular coupling sleeve 335f 
and the tubular sleeve 355f, respectively. In this manner, an axial biasing force is applied to the split ring collar 330 
and the expansion cone segments 325 that prevents the expansion cone segments from being driven up the tapered 
hexagonal portion 315ib of the expansion cone support body 315i of the tubular support member 315 into contact 
with the stop member 320. Thus, the outside diameter of the expansion cone segments 325 is maintained in a 
position that is less than the inside diameter of the tubular member 120 thereby permitting the apparatus 300 to be 
displaced within ±e tubular member. Furthermore, in this manner, an axial biasing force is applied to the tubular 
sleeve 3 55f thereby preventing the tubular sleeve from covering the radial passage 3 1 5d in the tubular support 
member 315. Thus, fluidic materials within the interior 315a of the tubular support member 315 may pass through 
the radial passage 3 15d into the annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurization of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole section 1 1 5a of the wellbore 
section 1 15, beyond the lower end 120c of the tubular member 120. In an cxen^lary embodmient, that portion of 
the apparatus 300 that includes the stop member 320, the expansion cone segments 325, the split ring collar 330, the 
collet assembly 335, the packer cup assembly 340, the spacer 345, the packer cup assembly 350, and die collet 
assembly 355 is then positioned in the open hole section 1 15a of the wellbore section 1 15, beyond the lower end 
120 of the tubular member for reasons to be described. Because the collets. 335b and 355b, are resilient, once the 
apparatus 300 has been positioned m the open hole section 1 15a of the wellbore section 1 15, beyond the lower end 
120c of the tubular member 120. the tapered shoulders, 335ba and 355ba, of the collets may spring outwardly in the 
radial dh^ion. 

The apparatus 300 may then be repositioned at least partially back within the mbular member 120. During 
the re-insertion of the apparatus into the tubular member 120, the lower end 120c of die tubular member may impact 
the tapered shouida^, 335ba and 355ba, of the collets, 335b and 355b, respectively, thereby driving the collets 
forward until the tapered shoulders, 335bc and 355bc, of die collets are positioned proxunate the tapered shoulders, 
3 15gb and 3I5bb, respectively, of the tubular support member 315. As a result, the support rings, 335a and 355a, 
the collets, 335b and 355b, die tubular sleeves, 335c and 355c, die pins, 335d and 355d, the rings, 335e and 355e, 
the tubular coupling sleeve 335f, the tubular sleeve 355f, the rings, 335g and 355g, and the ring 335i of die collet 
assemblies, 335 and 355, respectively, are driven forward, thereby compressing the springs, 335h and 355h, thereby 
sealing off the radial passaje''3 15d and driving the expansion cone segments 325 up the tapered hexagonal portion 
3 1 5ib of the expansion cone support body 3 1 5i of the tubular support member 3 1 5 into contact with the stop 
member 320. 

As a result, the outside diameter of the expansion cone segments 325 is now greater than the inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 300 to be used to radially expand and 
plastically deform die tubular member, and fluidic materials withm the interior 3 15a of the tubular support member 
3 1 5 may no long^ pass through the radial passage 3 1 5d into the annulus between the apparatus 300 and the tubular 
member thereby permitting die interior of die aRiaratus to be pressurized. 

The apparatus 300 may tlwn be operated to radially expand and plastically deform the tubular member 120 
* by applying an upward axial force to the tubular support member 3 1 5 and/or by injecting a pressurized fluidic 
material into the tubular support member. 
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In particular, as illustrated in Figs. 5 and 5a-5d, the expandable tubular member 120 may then be radially • 
expanded using the apparatus 300 by injecting a fluidic material 275 into the apparatus through the passages 305a, 
310a, 3 15a, and 320a. The injection of the fluidic material 275 may pressurize thp interior 120a of the expandable 
mbuiar member 120. In addition, because the packer cup assemblies. 340 and 350, seal off an annular region 120aa 
below the packer cup assemblies between the e:^andable tubular member 120 and the tubular support member 3 1 5, 
the injection of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the interior 120a of the expandable 
tubular member 120 thereby plastically defonning and radially expanding the expandable tubular member off of the 
expansion cone segments 325. Because the outer surfaces, 325bb and 325bc, of the expansion cone segments 325 
are tapered, die plastic deformation and radial expansion of the expandable tubular member 120 proximate the 
expansion cone segments is facilitated. Furthermore, in an exemplary embodiment, the continued injection of the 
fluidic material 275 also pressurizes the annular region 120aa defined between the interior surface of the expandable 
tubular member 120 and the exterior surface of the tubular support member 3 1 5 that is bounded on the upper end by 
the packer cup assembly 340 and on the lower end by the expansion cone segments 325. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially expands at least a portion of the 
surrounding portion of the expandable tubular member 120. In this manner, the plastic deformation and radial 
expansion of the expandable tubular member 120 is enhanced. Furthermore, during operation of the apparaws 300, 
the packer cup assemblies 340 and 350 prevent the pressurized fluidic material 275 from passing above and beyond 
the packer cup assemblies and diereby define the length of the pressurized annular region 120aa. In an exemplary 
embodiment, the pressurization of the annular region 120aa decreases tlie operating pressures required for plastic 
deformation and radial expansion of the expandable tubular member 120 by as much as 50% and also reduces the 
angle of attack of the tapered external surfaces, 325bb and 325bc, of the expansion cone segments 325. 

Tlje radial expansion of the expandable mbuiar member 120 may then continue until the upper end 120b of 
the expandable tubular member is radially expanded and plastically deformed along with the overlapping portion of 
the wellbore casing 1 10. Because the expansion cone segments 325 may be adjustable positioned from an outside 
diam^er less than the inside diameter of the expandable tubular member 120 to an outside diameter substantially 
equal to the inside diameter of the preexisting casing 1 10, the resulting wellbore casing, including the casing 1 10 
and the radially expanded tubular member 120, created by the operation of the apparatus 300 may have a single 
substantially constant inside diameter thereby providmg a mono-diameter wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be raised out of the expanded 
portion of the mbuiar menlb^r 120 by applying an upward axial force to the tubular support member 315. In a 
preferred embodiment, during the radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep die tubular member stationary 
relative to the new wellbore section 115. 

In a prefenred embodiment, when the upper end portion of Ae expandable tubular member 120 and the 
lower portion of die wellbore casing 1 10 that overlap vrith one anodier are plastically deformed and radially 
expanded by the expansion cone segments 325, the expansion cone segments arc displaced out of the wellbore 100 
by both die operating pressure within the interior of the tubular member 120 and a upwardly directed axial force 
applied to the tubular support member 305. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic material 275 is controllably 
ramped down when the expansion cone segments 325 reach the upper end portion of the expandable tubular member 
120. In this manner, the sudden release of pressure caused by the complete radial expansion and plastic deformation 
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of the expandable tubular member 120 off of the expansion cone segments 325 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 100% to about 10% during the 
end of the extrusion process beginnmg when the expansion cone segments 325 are within about 5 feet from 
completion of the extrusion process. 

Alternatively, or b combination, the wall thickness of the upper end portion of the e3q)andable tubular 
member 120 is tapered in order to gradually reduce the required operating pressure for plastically deformmg and 
radially expanding the upper end portion of the tubular number. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the tubular support member 305 in order 
to absorb the shock caused by the sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub, or jars adapted for use in wellbore operations. 

AltOTiatively, or m combination, an expansion cone catching structure is provided in the upper end portion 
of the expandable tubular member 120 in order to catch or at least decelerate Ae expansion cone segments 325. 

Alternatively, or in combination, during the radial expansion process, an upward axial force is applied to 
the mbular support member 3 1 5 sufficient to plastically deform and radially expand the tubular member 120 off of 
the external surfaces, 225bb and 225bc, of the expansion cone segments 325. 

Akematively, or in combmation, in order to facilitate the pressurization of the interior 120a of the 
expandable tubular member by the injection of the fluidic materials 275, the region within the wellbore section 1 15 
below the apparatus 300 may be fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 305, the tubular support 
member 3 10, die tubular support member 3 15, the end stop 320, the expansion cone segments 325, the split ring 
collar 330, the collet assembly 335, the packer cup assembly 340, the spacer 345, the packer cup assembly 350, and 
the collet assembly 355 are removed from the wellbores 100 and 1 1 5. 

Referring to Figs. 6 and 6a-6k, an alternative embodiment of an apparatus 400 for forming a wellbore 
casing in a subterranean formation will now be described. The apparams 400 includes a tubular support member 
405 defming an internal passage 405a that is coupled to an end of a mbular coupling 410 defining an internal 
passage 410a. The other end of the tubular coupling 410 is coupled to an end of a tubular support member 415 
defining an internal passage 415a that includes a first flange 4l5b, a first radial passage 415c, a second radial 
passage 415d, a second flange 415e, a stepped flange 415f, a thkd flange 415g, a fourth flange 415h, a fifth flange 
41 5i, and an expansion cone body 41 5j. The other end of the tubular support member 415 is coupled to a mbular 
end stop 420 that defines a'pdssage 420a. 

As illustrated in Figs. 6e and 6f. the expansion cone support body 415j includes a first end 415ja, a tapered 
hexagonal portion 415jb that includes a plurality of T-shaped slots 415jba provkied on each of the external fiaceted 
surfaces of the tapered hexagonal portion, and a second end 415jc. In an exemplary embodiment, the ai^e of attack 
of the tapered hexagonal portion 41 5jb ranges from about 35 to 50 degrees for reasons to be described. 

As illustrated in Figs. 6, 6a-6d, and 6g-6!, a phirality of expansion cone segments 425 are provkied that 
include first ends 425a that mclude T-shaped retaming members 425aa and second ends 425b that include T-shaped 
retaim'ng members 425ba that mate with and are received within corresponding T-shaped slots 41 5jba on the tapered 
hexagonal portion 41 5jb of the expansion cone support body 415j, fffst external surfaces 425bb, second external 
) sur&ces 425bc, and third external surfaces 425bd. Hius, in an exemplary embodnnent, a total of six expansion cone 
segments 425 are provided that are slidably coupled to corresponding sides of the tiered hexagpnal portion 4 1 5jb 
of the expansion cone support body 4 1 5j . 
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In an exemplaiy embodiment, the widths of the first externa! surfecses 425bb of the expansion cone 
segments 425 increase in the direction of the second externa) surfaces 425bc, the widths of the second external 
surfaces are substantially constant, and the widths of the third external surfeces 425bd decrease in the direction of 
the first ends 425a of the expansion cone segments for reasons to be described. In an exemplary embodiment, the 
first external surfaces 425bb of the expansion cone segments 425 taper upwardly in the direction of the second 
external surfeces 425bc, the second external surfeces taper upwardly in the direction of the third external surfeces . 
425bd, and the third external surfaces 425bd taper downwardly in the direction of the first ends 425a of the 
expansion cone segments for reasons to be described. In an exemplary embodiment, the angle of attack of the taper 
of the first external surfeces 425bb of the expansion cone segments 425 are greater than the angle of attack of the 
taper of the second external surfeces 425bc. In an exemplary embodiment, the first and second external surfaces. 
425bb and 425bc. of the expansion cone segments 425 are arcuate such that when the expansion cone segments 425 
are displaced in the direction of the end stop 420, the first and second external surfeces of the expansion cone 
segments provide a substantially continuous outer circumfCTenUal surface for reasons to be described. 

As aiustrated in Fig 6j, in an exemplao" embodiment, the external surfaces, 425bb, 425bc, and 425bd, of 
the second ends 425b of the expansion cone segments 425 are adapted to mate with one another in order to interlock 
adjacent expansion cone segments. 

A split ring collar 430 that defmes a passage 430a for receiving the tubular support member 415 b provided 
that includes a first end that includes plurality of T-shaped slots 430b for receiving and mating with corresponding 
T-shaped retainmg members 425aa of the expansion cone segments 425 and a second end that includes an L-shaped 
retaining member 430c. In an exemplary embodiment, the split ring collar 430 is a conventional split ring collar 
commracially available from Halliburton Energy Services modified in accordance with the teachings of the present 
disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines a passage 435aa for 
receiving the tubular support member 415 that includes a first end that includes a slot 435ab for receiving and 
mating with the L-shaped retaining member 430c of the split ring collar 430, a radial passage 435ac, and a recess 
435ad for receiving the fifth flange 415a of the tubular siqjport member 415. A second end of the tubular sleeve 
435a mcludes a flange 435ae that mates with the fourA flange 415h of the tubular support member 415. A retaining 
ring 435b that defines a passage 435ba for receiving the fifft flange 415i is received within the recess 435ad of the 
tubular sleeve 435a and is coupled to an end of a load transfer pin 435c. The opposite end of the load transfer pin 
435c fa received within the radial passage 435ac of the wbular sleeve 435a and is coupled to an end of a tubular 
sleeve 435d that includes tf p^cess 435da at a first end for receiving the tubular sleeve 435a, and a radial opening 
435dc for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that defines a passage 435ga 
for receiving the tubular support member4 15 arc received within the recess 435ad of the tubular sleeve 435a 
between a first raid of the lecess and the fifth flange 415i of the tubular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for receiving the n*ular support 
member 4 1 5 inchides a first end 440b that mates with the fourth flange 4 1 5g of the tubular support member, a 
conventional sealing cup 440c, and a second end 440A A tabular spacer 445 that defmes a passage 445a for 
receiving the nibular support member 415 includes a first end 445b that mates \vith the second end 440d of the first 
packer cup assembly 440 and a second end 445c. A second conventional packer cup assembly 450 that defines a 
passage 450a for receiving the tubular support member 415 includes a first end 450b that mates with Ae second end 
445c of the spacer 445, a conventional sealing cup 450c, and a second end 450d that mates with the stqipcd flange 
4 1 5f of the tubular support member. 
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A dog assembly 455 is provided that includes a tubular sleeve 455a that defines a passage 455aa for 
receiving the tubular support member 4 15. A first end of the tubular sleeve 455a includes a radial opening 455ab for 
receiving a conventional resilient dog 455b. A second end of the tubular sleeve 455a includes a recess 455ac and is 
coupled to an end of a load transfer pin 455c. The opposite end of the load transfer pin 455c is coupled to a 
retaining ring 455d that defines a passage 455da for receiving the tubular support member 415. A tubular sleeve 
455e is received within the recess 455ac of the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular support member 415 and includes a first end that includes a radial passage 455eb for receiving the load 
transfer pin 455c and a recess 455ec for receiving a spring 455f A ring 455g that defines a passage 455ga for 
receiving the tubular support member 41 5 is fiirther received within the recess 455ec of the tubular sleeve 455e 
between the spring 455f and the second flange 415e of the tubular support member 41 5. A second end of the mbular 
sleeve 455e includes a radial passage 455ed, sealing members. 455ef and 455eg, and a recess 455ch that mates with 
the first flange 415b of the tubular support member 415. 

In an exemplary embodiment, during operation of the apparatus 400, as illustrated in Figs. 6 and 6a-5k, the 
apparatus may be initially positioned in the wellbore 100, within the casing 110. with the dog assemblies 435 and 
455 positioned in a neutral position in which the radial passage 415d of the tubular support member 41 5 is fluidicly 
coupled to the radial passage 455ed of die dog assembly 455 and the expansion cone segments 425 are not driven up 
the tapered hexagonal portion 415jb of the expansion cone support body 415j of the tubular support member 415 
into contact with the stop member 320. In this manner, fluidic materials within die interior 41 5a of the tubular 
support member 415 may pass through the radial passages, 41 5d and 455ed, mto the annulus between the apparatus 
400 and the casing 1 10 thereby preventing over pressurization of the annulus. Furthermore, in this manner, the 
outside diameter of the expansion cone segments 425 is less than or equal to the outside diameter of the stop 
member 420 thereby peimitting the apparams 400 to be displaced within the casing 110. 

As illustrated in Figs. 7. and 7a-7c, the apparatus 400 may then be positioned in the mbular member 120. 
During the insertion of the apparatus into the tubular member 120, the upper end 120b of the mbular member may 
impact the ends of the resilient dogs, 435e and 455b, of the dog assemblies, 435 and 455, respectively, thereby 
driving the resilient dogs, 435e and 455b, backwards off of and adjacent to one side of the flanges, 4 1 5h and 4 15f, 
respectively. As a result of the backward axial displacement of the resilient dog 435e, the tubular sleeve 435d, the 
pin 435c, the retaining ring 435b, and the ring 435g of the dog assembly 435 are driven backward thereby 
compressing the spring 435f and applying an axial biasing force to the tubular sleeve 435a that prevents the 
expansion cone segments 425 fi-om being displaced toward the end stop 420. As a result of the backward axial 
displacement of the resilient Hog 455b, the tubular sleeve 455a, the pin 455c, the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 455f and applying an axial 
biasing force to the tubular sleeve 455e that prevents the radial passages, 4 1 5d and 455ed from being fluidicly 
decoupled. 

The apparatus 400 may then be at least partially positioned in the open hole section 1 i5a of the wellbore 
section 1 15. beyond the lower end 120c of the tubular member 120. In an exemplaiy embodiment, that portion of 
the apparatus 400 that includes the stop member 420, the expansion cone segments 425, the split ring collar 430, die 
dog assembly 435, the packer cup assembly 440, the spacer 445, the packer cup assembly 450, and the dog assembly 
455 is then positioned in the open hole section 1 15a of the wellbore section 1 15, beyond the lower end 120 of die 
tubular member for reasons to be described Because the dogs, 435e and 455b, of the dog assemblies, 435 and 455, 
respectively, are resilient, once die apparahis 400 has been positioned in the open hole section 1 15a of die wellbore 
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section 1 15, beyond the lower end 120c of the tubular member 120, the resilient dogs, 435c and 455b, of die dog 
assemblies may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the tubular member 120. During 
the re-insenion of the apparatus into the tubular member 120, the lower end 120c of the tubular member may impact 
the ends of the resilient dogs, 435e and 455b, of the dog assemblies, 435 and 455, respectively, hereby driving the 
resilient dogs forward until the resilient dogs are positioned beyond and adjacent to the other side of the flanges, 
415h and 415f, of the tubular support member 415. 

As a result, of the forward axial displacemem of the resilient dog 43 5e, the tubular sleeve 435a, the 
retaining ring 435b, the pin 435c, the tubular sleeve 435d, the spring 435f, and the ring 435g of the dog assembly 
435 are displaced in the forward axial direction thereby also displacing the split ring collar 430 and the expansion 
cone segments 425 in the forward axial directiwi. As a result, the expansion cone segments 425 are driven up the 
tapered hexagonal portion 415jb of the expansion cone support body 4l5j of the tubular support member 41 5 into 
contact with the stop member 320. 

As a result of the forward axial displacement of the resilient dog 455b, the tubular sleeve 455a, the pin 
455c, the retaining ring 455d, the tubular sleeve 455e, the spring 455f, and the ring 455g of the dog assembly 455 
are driven forward in the axial direction thereby fluidicly decoupling the radial passages, 4 1 5d and 455ed, and 
fluidicly coupling the radial passages 415c and 415d. Asa result fluidic materials within the tubular support 
member 415 may not pass into the annulus between the tubular support member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e. the outside diameter of the 
expansion cone segments 425 is now greater than the inside diameter of expandable tubular member 120 fliereby 
peimittmg the apparatus 400 to be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the ulterior 415a of the tubular support member 415 may no longer pass through the radial 
passages, 415d and 455ed, into the annulus between the apparatus 400 and the tobular member thereby permitting 
the interior of the apparatus to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically deform the mbular member 120 
by applying an upward axial force to the tubular support member 415 and/or by injecting a pressurized fluidic 
material into die tubular support member. 

In particular, as illustrated in Figs. S and 8a-8d, the expandable tubular member 1 20 may then be radially 
expanded using the apparatus 400 by injecting a fluidic material 275 into the apparatus through the passages 405a, 
3 10a, 415a, and 420a. The injection of the fluidic material 275 may pressurize the interior 120a of die e^qjandable 
tubular member 120. In addition, because the packer cup assemblies, 440 and 450, seal off an annular region 120aa 
below the packer cup assemblies between the expandable tubular member 120 and the mbular support member 4 1 5, 
the injection of the fluidic material 275 may also pressurize the annular region. 

The condnued injection of the fluidic material 275 may then pressurize die intericnr 120a of the expandable 
tubular member 120 thereby plastically deforming and radially expanding the expandable tubular member off of the 
expansion cone segments 425. Because the outer surfaces, 425bb and 425bc, of the expansion cone segments 425 
are tapered, the plastic deformation and radial expansion of the expandable tubular member 120 proximate the 
expansion cone segments is facilitated. Furthermore, in an exemplary embodiment, the continued injection of the 
fluidic material 275 also pressurizes the annular region ]20aa defined between the interior surface of die expandable 
I tubular member 120 and the exterior surface of the tubular support member 415 that is bounded on the upper end by 
the packer cup assembly 440 and on the lower end by the expansion cone segments 425. Furthennoie, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially expands at least a pordon of the 
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surrounding portion of the expandable tubular member 120. In diis manner, the plastic deformation and radial 
expansion of the expandable mbular member 120 is enhanced. Furthermore, during operation of the apparams 300. 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 from passing above and beyond 
the packer cup assemblies and thereby define the length of the pressurized annular region 120aa. In an exemplary 
embodiment, the pressurization of the araiular region 120aa decreases the operating pressures required for plastic 
deformation and radial expansion of the expandable tubular member 120 by as much as 50% and also reduces the 
angle of attack of the tapered external surfaces, 425bb and 425bc, of the expansion cone segments 425. 

The radial expansion of the expandable tubular member 120 may then continue until the upper end I20b of 
the expandable mbular member is radially expanded and plastically deformed along with the overlapping portion of 
the wellbore casing 1 10. Because the expansion cone segments 425 may be adjustably positioned from an outside 
diameter less than the inside diameter of the expandable mbular member 120 to an outside diameter substantially 
equal to tiie inside diameter of the pre-existing casmg 1 10, the resuhing wellbore casing, including the casing 110 
and the radially expanded tubular member 120. created by the operation of the apparatus 400 may have a single 
substantially constant inside diameter thereby providing a mono-diameter wellbore casing. 

During the radial expansion process, the expansion cone segments 425 may be raised out of the expanded 
portion of the tubular member 120 by applying an upward axial force to the mbular support member 415. In a 
preferred embodiment during the radial expansion process, the expansion cone segments 425 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep the tubular member stationary 
relative to the new wellbore section 115. 

In a preferred embodiment, when the upper end portion of the expandable tubular member 120 and the 
lower portion of the wellbore casing 1 10 that overlap with one another are plastically deformed and radially 
expanded by the expansion cone segments 425, the expansion cone segments are displaced out of the wellbore 100 
by both the operating pressure within the interior of the mbular member 120 and a upwardly directed axial force 
q}plied to die mbular support member 405. 

In a preferred embodunent, the operating pressure and flow rate of the fluidic material 275 is controllably 
ramped down when the e5q)ansion cone segments 425 reach the upper end portion of the expandable tubular member 
120. In Ais manner, the sudden release of pressure caused by the complete radial expansion and plastic deformation 
of the expandable tubular mOTber 120 off of the expansion cone segments 425 can be minimized. In a prefened 
embodhnent, the operating pressure is reduced in a substantially linear fashion from 1 00% to about 1 0% during the 
end of the extrusion process beginning when the expansion cone segments 425 are within about 5 feet from 
completion of the extmsiorf jJh)cess. 

Alternatively, or m combmation, the wall thickness of the upper end portion of the expandable mbular 
member 120 is tapered m order to gradually reduce the required operating pressure for plastically deforming and 
radially expanding the upper end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorbs is provided in the mbular support member 405 m order 
to absorb the shock caused by Ae sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub, or jars adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catchmg sdncture is provided in the upper end portion 
of the expandable tubular member 120 m order to catch or at least decelerate the expansion cone segments 425. 
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Alternatively, or in combination, during the radial expansion process, an upward axial force is applied to 
the tubular support member 415 sufficient to plastically deform and radially expand the tubular member 120 off of 
the external surfaces, 225bb and 225bc, of the expansion cone segments 425. 

Alternatively, or in combination, in order to facilitate the pressurization of the interior 120a of the 
expandable tubular member by the injection of the fluidic materials 275, the region within the wellbore section 1 1 5 
below the apparatus 400 may be fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 405, the tubular support 
member 410. the tubular support member 415. the end stop 420. the expansion cone segments 425, the split ring 
collar 430. the dog assembly 435, the packer cup assembly 440, the spacer 445, the packer cup assembly 450, and 
die dog assembly 455 are removed from the wellbores 100 and 1 15. 

Referring now to Figs. 9, 9a, 10 and 10a. an embodiment of an adjustable expansion cone assembly 500 
will be described. The assembly 500 includes a tubular support member 505 that defines a passage 505a and 
includes a flange 505b, an expansion cone support flange assembly 505c, and an end stop 505d. Hie expansion 
cone support flange assembly 505c includes a tubular body 505ca and a plurality of equaUy spaced apart expansion 
cone segment support membere 505cb tiiat extend outwardly from the tubular body in the radial direction that each 
include identical bases 505cba and extensions 505cbb. The support members 505cb further include first sections 
505cbc having arcuate conical outer surfaces and second sections 505cbd having arcuate cylindrical outer surfaces 
for reasons to be described. 

An expansion cone segment assembly 51 0 is provided that includes a tubular support 510a defining a 
passage 510aa for receiving the tubular support member 505 and a slot 510ab. A plurality of spaced apart and 
substantially identical resilient expansion cone segment collets 510b extend from the tubular support 510a in the 
axial direction that include expansion cone segments 5 lOba extending therefrom in the axial direction. Each of the 
expansion cone segments 510ba further include arcuate conical e^qiansion surfaces SlObaa for radially expanding an 
expandable tubular member. 

A split ring collar 5 1 5 is provided that defines a passage 5 15a for receiving the tubular support member 505 
that includes an L-shaped retaining member 515b at one end for mating with the slot 510ab of the tubular support 
510a of the expansion cone segment assembly 510. Another end of the split ring collar 515 includes an L-shaped 
retaining member 515c. A tubular sleeve 520 is provided that defines a passage 520a for receivmg the tubular 
support member 505 that includes a slot 520b for receiving the L-shaped retaining member 51 5c of the split ring 
collar 515. 

During operation t>f the assembly 500, as illustrated in Figs. 9 and 9a, in an unexpanded position, the 
expansion cone segments 5 lOba of the expansion cone segment assembly 510 are positioned adjacent to the base of 
the conical section 505cbc of the expansion cone segment support members 505cb with the outside diameter of the 
expansion cone segments less than or equal to the maximum outside diameter of the assembly. As illustrated in 
Figs. 10 and 10a, the assembly 500 may then be expanded by displacing the tubular sleeve 520, die split ring collar 
515, and the expansion cone segment assembly 510 in the axial direction towards the expansion cone segment 
support members 505cb. As a result, the expansion cone segments 510ba are driven up the conical section 505cbc 
of the expansion cone segment support members 505cb and dien onto the cylindrical section 505cbd of the 
expansion cone segment support members until the expansion cone segments impact the end stop 505d. In thw 
manner, the outside diameter of the expansion segments 5l0ba is greater than the maximum diameter of the 
remaining components of the assembly 500. Furthermore, the conical outer surfeces 510baa of the expansion cone 
segments 5 1 Oba may now be used to radially expand a tubular member. Note that the extensions 505cbb of the 
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e3q>aiision cone segment support members 505cb provide support in the circumferential direction to the adjacent 
expansion cone segments 5 1 Oba. In an exemplary embodiment, the outer conical surfaces 5 1 Obaa of the expansion 
cone segments 510ba in the expanded position of the assembly 500 prov ide a substantially continuous outer conical 
surfaces in the circumferential direction. 

The assembly 500 may then be rehimed to the unexpanded position by displacing the tubular sleeve 520, 
the spm ring collar 515, and the expansion cone segment assembly 510 in the axial direction away from the 
expansion cone segment support members 505cb. As a result, the expansion cone segments 510ba are displaced off 
of the cylindrical section 505cbd and the conical section 505cbc of the expansion cone segment support members 
505cb. Because the collets 51 Ob of the expansion cone segment assembly 5 1 0 are resilient, the expansion segments 
5 lOba are thereby rehimed to a position in which the outside diameter of the expansion cone segments is less than or 
equal to the maximum diameter of the remaining components of the assembly 500. 

In several alternative embodiments, the assembly 500 is incorporated into the assemblies 200, 300 and/or 

400. 

Referring now to Figs. 1 1 , 1 la, 12 and 12a, an embodiment of an adjustable expansion cone assembly 600 
will be described. The assembly 600 includes a tubular support member 605 that defines a passage 605a and 
includes an expansion cone support flange assembly 605b, and an end stop 605c. The expansion cone support 
flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced apart expansion cone segment 
substantially identical support members 605bb that extend outwardly from the tubular body in the radial direction. 
The support members 605bb further include first sections 605bba having arcuate cylindrical outer surfaces, second 
sections 605bbb having arcuate cora'cal outer surfaces, and third sections 605bbc having arcuate cylindrical outer 
sur&ces for reasons to be described. 

An expansion cone segment assembly 610 is provided that includes a mbular support 610a defining a 
passage 610aa for receiving the tubular support member 605 and a slot 610ab. A plurality of spaced apart and 
substantially identical resilient expansion cone segment collets 610b extend from the tubular support 610a in the 
axial direction that include expansion cone segments 6 lOba extending therefrom in the axial direction. Each of the 
expansion cone segments 6i0ba further include arcuate conical expansion surfaces 61 Obaa for radially expanding an 
expandable tubular member. 

A split ring collar 615 is provided that defines a passage 61 5a for receding the tubular support member 605 
that includes an L-shaped retaining member 615b at one end for mating with the slot 610ab of the tubular support 
610a of the expansion cone segment assembly 610. Another end of the split ring collar 615 includes an L-shaped 
retaining member 615c. A'ttibiilar sleeve 620 is provided that defmes a passage 620a for receiving the uibular 
support member 605 that includes a slot 620b for receiving the L-shaped retaining member 615c of the split ring 
coIlar6I5. 

Ehiring operation of the assembly 600, as illustrated m Figs. 1 1 and 1 la, in an unexpanded position, the 
expansion cone segments 610ba of the expansion cone segment assembly 610 are positioned on the cylindrical 
section 605bba, adjacent to the base of the conical section 605bbb, of the expansion cone segment support members 
605bb with the outside diameter of the expansion cone segmoits less than or equal to the maximum outside diameter 
of the assembly. As illustrated in Figs. 12 and 12a, the assembly 600 may then be expanded by displacing the 
tubular sleeve 620, ihe split ring collar 61 5, and the expansion cone segment assembly 610 in the axial direction 
> towards the e?q[>ansion cone segment support members 605bb. As a result, the expansion cone segments 610ba are 
driven up the conical section 605bbb of the expansion cone segment support members 605bb and then onto the 
cylindrical section 605bbc of the expansion cone segment support members imtil the expansion cone segments 
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impact the end stop 605c. In this manner, the outside diameter of the expansion segments 6 lOba is greater than the 
maximum diameter of the remaining components of the assembly 600. Furthermore, d^e conical outer surfeces 
610baa of the expansion cone segments 610ba may now be used to radially expand a mbular member. In an 
exemplary embodiment, the outer conical surfaces 610baa of the expansion cone segments 610ba in the expanded 
position of the assembly 600 provide a suhstantiaUy continuous outer conical surfeces in the circumferential 
direction. 

The assembly 600 may then be remmed to the unexpanded position by displacing the tubular sleeve 620, 
(he split ring cottar 61 5, and the expansion cone segmem assembly 610 in the axial direction away from the 
expansion cone segment support members 605bb. As a resuh, the expansion cone segments 61 Oba are displaced off 
of the cylindrical section 605bbc and the conical section 605bbb and back onto the cylindrical section 605bba of the 
expansion cone segment support members 605bb. Because tiie collets 6l0b of the expansion cone segment 
assembly 610 are resilient, the expansion segments 610ba are tfiereby remmed to a position in which the outside 
diameter of the expansion cone segments is less than or equal to tiie maximum diameter of the remaining 
components of the assembly 600. 

In several alternative embodiments, the assembly 600 is incotporated into the assemblies 200, 300 and/or 

400. 

Referring now to Figs. 13. 13a, 13b, 13c, 14 and 14a, an embodiment of an adjustable expansion cone 
assembly 700 will be described. The assembly 700 includes a tubular support member 705 that defines a passage 
705a and includes an expansion cone support flange assembly 705b, and an end stop 705c. The expansion cone 
support flange assembly 705b includes a tubular body 705ba and a phirality of equally spaced apart expansion cone 
segment substantially identical support members 705bb that extend outwardly fiom the tubular body in the radial 
direction. The support members 705bb further include first sections 705bba having arcuate cylindrical outer 
surfeces, second sections 705bbb having arcuate conical outer surfaces, and third sections 705bbc having arcuate 
cylindrical outer surfaces for reasons lo be described. 

An expansion cone segment assembly 710 is provided that includes a first tubular support 71-Oa defining a 
passage 710aa for receiving the tubular support member 705 that includes a slot 710ab and a second tubular support 
7 1 Ob defining a passage 7 lOba for receiving the tubular support member 705 that includes a plurality of spaced apart 
and substantially identical axial slots 710bb. A plurality of ^ced apart and substantially identical resilient 
expansion cone segment collets 710ac extend from the first tubular support 710a in the axial direction and are 
received within corresponding ones of the axial slots 710bb in the second tubular support 710b that include 
substantially identical exp^ion cone segments 710aca extending therefrom in the axial direction. A plurality of 
spaced apart and substantially identical resilient expansion cone segment collets 710bc extend from the second 
tubular support 710b in the axial direction that are interleaved and overlap widi the expansion cone segment collets 
710ac and that inchide substantially identical expansion cone segments 710bca extending therefrom in the axial 
direction. Each of the expansion cone segments, 710aca and 7 lObca, further include arcuate conical expansion 
surfeces, 710acaa and 710bcaa, reqjectively, for radially e3q)anding an expandable mbular member. A plurality of 
pins 715a-715d couple the expansion cone segment collets 710ac to the second tubular support 710b. 

A split ring collar 720 is provided diat defines a passage 720a for receiving the tubular support member 705 
that includes an L-shaped retaming member 720b at one eml for matmg with the slot 710ab of the first tubular 
support 710a of the expansion cone segment assembly 710. Another end of the split ring collar 720 mchides an L- 
shapcd retaining member 720c. A tubular sleeve 725 is provided that defines a passage 725a for receiving the 
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tubular support member 705 that includes a slot 725b for receiving the L-shaped retaining member 720c of the split 
ring collar 720. 

During operation of the assembly 700, as illustrated in Figs. 13, 13a, 13b, and 13c, in an unexpanded 
position, the expansion cone segments 710aca of die expansion cone segment assembly 710 overlap with and are 
positioned over the expansion cone segments 710bca of the expansion cone segment assembly, adjacent to the base 
of the conical section 705bbb, of the expansion cone segment support members 705bb with the outside diameter of . 
the expansion cone segments less than or equal to the maximum outside diameter of the assembly. As illustrated in 
Figs. 14 and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 725, the split ring collar 
720, and the expansion cone segment assembly 710 in the axial direction towards the expansion cone segment 
support members 705bb- As a result, the expansion cone segments, 7 lOaca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto the cylindrical section 705bbc 
of the expansion cone segment support members until the expansion cone segments impact die end stop 705c. In 
this manner, the outside diameter of the expansion segments, 710aca and 710bca, is greater than the maximum 
diameter of the remaining components of the assembly 700. Furthermore, the conical outer surfeces, 7l0acaa and 
710bcaa, of the expansion cone segments, 7 lOaca and 710bca, respectively, may now be used to radially expand a 
tubular member. In an exemplary eraboduncnt, the outer conical surfaces, 7 1 Oacaa and 7 1 Obcaa, of the expansion 
cone segments, 710aca and 710bca, respectively, in the expanded position of the assembly 700 provide a 
substantially continuous outer conical surfaces in the circumferential dbection. 

The assembly 700 may then be returned to the unexpanded position by displacing the tubular sleeve 720, 
the split ring collar 715, and the expansion cone segment assembly 710 in the axial direction amy from the 
expansion cone segment support members 705bb. As a result, the expansion cone segments, 710aca and 710bca, are 
displaced off of the cylindrical section 705bbc and the corneal section 705bbb and back onto the cylindrical sertion 
705bba of the expansion cone segment support members 705bb. Because the collets, 710ac and 710bc, of the 
expansion cone segment assembly 710 are resilient, the expansion segments, 710aca and 710bca, are thereby 
returned to a position in which the outside diameter of the expansion cone segments is less than or equal to the 
maximum diameter of the remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 is incorporated into the assemblies 200, 300 and/or 

400. 

Refening to Figs. 15 and 15a-15j, an alternative embodunent of an apparatus 800 for forming a wellbore 
casing in a subterranean formation will now be described. The apparatus 800 inchides a tubular support member 
805 defining an internal paSslge 805a that is coupled to an end of a tubular coupling 810 defining an internal 
passage 810a. The other end of the tubular coupling 810 is coupled to an end of a tubular support member 815 
defining an internal passage 8 1 5a having a throat passage 8 1 5aa that includes a first radial passage 8 1 5b, a first 
flange 815c having a second radial passage 815d, a second flange 815e having opposite shoulders, 815ea and 815eb, 
5 a third flange 8 15f, and an expansion cone support body 8 1 5g. The other end of the tubular support member 81 5 is 
coupled to a tubular end stop 820 that defines a passage 820a. 

As illustrated in Figs. 15d and 15e, the expansion cone support body 815g includes a first end 8l5ga, a 
tapered hexagonal portion 815gb thai includes a plurality of T-shaped slots 815gba provided on each of the external 
faceted surfaces of the tapered hexagonal portion, and a second end 8 15gc. In an exemplary embodiment, the angle 
) of attack of the tapered hexagonal portion 8 1 5gb ranges from about 35 to 50 d^rees for reasons to be described. 

As illustrated in Figs. 15, 15a-15c, and 15f-15j, a plurality of expansion cone segments 825 are provided 
that include first ends 825a that include T-sh^>ed retaining members S25aa and second ends 825b that include T- 
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shaped retaining membeis 825ba that mate with and are received within corresponding T-shaped slots 815gba on the 
tapered hexagonal portion 815gb of the expansion cone support body 8 15g, first external surfaces 825bb, second 
external surfaces 825bc, and third external surfaces 825bd. Thus, in an exemplary embodiment, a total of six 
expansion cone segments 825 are provided that are slidably coupled to coiresponding sides of the tapered hexagonal 
portion 815gb of the expansion cone support body 815g. 

In an exemplary embodiment, the widths of the first external surfaces 825bb of the expansion cone 
segments 825 increase in the direction of the second external surfaces 825bc the widths of the second external 
surfaces are substantially constant, and the widths of the third external surfaces 825bd decrease in the direction of 
the first ends 825a of the expansion cone segments for reasons to be described. In an exemplary embodiment, the 
first external surfaces 825bb of the expansion cone segments 825 taper upwardly in the direction of the second 
external surfaces 825bc. the second external surfeces taper upwardly in the du^ection of the third external surfaces 
825bd, and the third external surfaces 825bd taper downwardly in the direction of the first ends 825a of the 
expansion cone segments tor reasons to be described. In an exemplary embodiment, the angle of attack of the taper 
of the first external surfeces 825bb of the expansion cone segments 825 are greater than the angle of attack of the 
taper of the second external surfaces 825bc. In an exemplary embodiment, the first and second external surfaces, 
825bb and 825bc, of the expansion cone segments 825 are arcuate such that when the expansion cone segments 825 
are displaced in the direction of the end stop 420, the first and second external surfaces of the expansion cone 
segments provide a substantially continuous outer circumferential surface for reasons to be described. 

As illustrated in Fig. 15i, in an exemplary embodiment, the external surfaces. 825bb, 825bc, and 825bd, of 
the second ends 825b of the expansion cone segments 825 are adapted to mate witii one another in order to mterlock 
adjacent expansion cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular support member 815 is provided 
that includes a first end that includes plurality of T-shaped slots 830b for receiving and mating with corresponding 
T-shaped retaining members 825aa of the expansion cone segments S25 and a second end that includes an L-shaped 
retaining member 830c. In an exemplary embodiment, the split ring collar 830 is a conventional split ring collar 
commercially available from Halliburton Energy Services modified in accordance with the teachings of the present 
disclosure. 

A dog assembly 835 is provided that includes a mbular sleeve 835a that defines a passage 835aa for 
receiving the tubular support member 815 and includes a slot 835ab for receiving and mating with the L-shaped 
retainmg member 830c of the spHt ring collar 830, a counterbore 835ac, and a radial passage 835ad An end of a 
load transfer pin 835b passfes^through the radial passage 835ad and is coupled to a retaining ring 835c that defines a 
passage 835ca for receiving the flange 815f of the tubular support member 81 5 and is received within the 
counterijore 835ac of the tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular support 
member 81 5 and a spring 835e are also received within the counterbore 835ac of the mbular sleeve 835a between 
the flange 81 5f and the end of the counterbore. The other end of the load transfer pin 835b is coupled to an end of a 
tubular sleeve 835f 4at includes a counterbore 835fe for receiving the tubular sleeve 835a, a radial passage 835ft) 
for receivuig a conventional resilient dog 835g, a counterbore 835fc for receiving and mating with the flange 815e 
of the tubular support member 815, a flange 835fd, and a flange 835fe inchiding counterbores, 835fFand 835fg, that 
mate with and receive the flange 815c of the tubular support memba*, and a radial passage 835fh. 

A first conventional padcer cup assembly 840 that defines a passage 440a for receivmg tfie tubular sleeve 
835f inchjdcs a first end 840b that mates with the flange 835fa of the tubular sleeve 835f, a conventional sealing cup 
840c, and a second end 840d. A tubular spacer 845 that defines a passage 845a for receiving the tubular sleeve 835f 
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includes a first end 845b that mates with the second end 840d of the first packer cup assembly 840 and a second end 
845c. A second conventional packer cup assembly 850 that defines a passage 850a for receiving the tubular sleeve 
835f includes a first end 850b that mates with the second end 845c of the spacer 845, a conventional sealing cup 
850c, and a second end 850d that mates with the flange 835fe of the tubular sleeve. 

Jn an exemplary embodiment, during operation of the apparatus 800, as illustrated in Figs. 15 and 15a-15j, 
the apparatus may be mitiaUy positioned in the wellbore 100, within the casing 1 10, with the dog assembly 835 
positioned in a neutral position in which the radial passage 815d of the tubular support member 815 is fluldicly 
coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone segments 825 are not driven up 
the tapered hexagonal portion 815gb of the expansion cone support body 8 15g of the tubular support member 815 
into contact with the stop member 320. In this manner, fluidic materials within the interior 8 15a of the tubular 
support member 8 1 5 may pass through the radial passages, 81 5d and 835fh, into the annulus between the apparatus 
800 and the casing 1 10 thereby preventing over pressurization of the annulus. Furthermore, in this manner, the 
outside diameter of the expansion cone segments 825 is less ton or equal to the outside diameter of the stop 
member 820 thereby permitting the apparatus 800 to be displaced within the casing 1 10. 

As illustrated in Figs. 16, and 16a-16c, the apparatus 800 may then be positioned in the tubular member 
120. During the msertion of the apparatus into the tubular member 120, the upper end 120b of the tubular member 
may impact the end of the resilient dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shoulder 815ea of the flange 815e of the tubular support member 81 5. As a result of the 
backward axial displacement of the resilient dog 835g, the tubular sleeve 835f, the pin 835b, the retaining ring 835c 
the ring 835d, and the spring 835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and ^plying an axial biasing force to the tubular sleeve 835a that prevents the expansion cone segments 825 
fi-om being displaced toward the end stop 820. 

The apparatus 800 may then be at least partially positioned in die open hole section 1 15a of the wellbore 
section 115, beyond the lower end I20c of the tubular member 120. In an exemplary embodiment, that portion of 
the apparatus 800 that includes the stop member 820, the expansion cone segments 825, the split ring collar 830, and 
the dog assembly 835 is then positioned in die open hole section 1 1 5a of the wellbore section 115. beyond the lower 
end 120 of the tubular member for reasons to be dcsaribed. Because the dog 835g of the dog assembly 835 is 
resilient, once die apparatus 800 has been positioned in the open hole section 1 15a of the wellbore section 1 15, 
beyond the lower end 120c of the tubular member 120. the resiliem dog of the dog assembly may spring outwardly 
in the radial direction. 

The apparatus 808 rtiay then be repositioned at least partially back within the tubular member 120. During 
the re-msertion of the apparatus into the tubular member 120, ttie lower end 120c of the tubular member may impact 
die ends of die resilient dog 835g of the dog assembly 835 thereby driving the resilient dog forward until the 
resilient dog is positioned onto the shoulder 815cb of the flange 815e of the tubular support member 815. 

As a result of the forward axial displacement of the resilient dog 835g, die tubular sleeve 835f, the spring 
835e, the ring 835d, the ring 835c, the pin 835b, and die nAular sleeve 835a are displaced in tht forward axial 
direction thereby also displacing the split ring collar 830 and the expansion cone segments 825 in die forward axial 
direction. As a result, die expansion cone segments 825 are driven up die tiered hexagonal portion 815gb of die 
expansion cone support body 815g of die tubular support member 815 into contact widi die stop member 320. 
Furdiermore, as a result of die forward axial displacement of the tubular sleeve 835^ die radial passages, 8 15d and 
835fh, are fhiidicly decoupled. As a result fluidic materials widiin die tubular support member 8 1 5 may not pass 
into the annulus between die tubular support member and the tubular member 120. 
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As a result of the forward axial displacement of the resilient dog 435e, the outside diameter of the 
expansion cone segments 825 is now greater than the inside diameter of expandable tubular member 120 thereby 
permitting the apparatus 800 to be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the interior 815a of the tubular support member 815 may no longer pass dirough the radial 
passages, 815d and 455ed, into the aimulus between the apparatus 800 and the tubular member thereby pemitting 
the interior of the apparatus to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically deform the tubular member 120 
by applying an upward axial force to the tubular support member 815 and/or by injecting a pressurized fluidic 
material into the tubular support member. 

In particular, as illustrated in Figs, 17 and 17a-17c, the expandable tubular member 120 may then be 
radially expanded usmg the apparatus 800 by injecting a fluidic material 275 mto the apparatus through the passages 
805a, 81Qa, 815a, and 820a. The injection of the fluidic material 275 may pressurize the interior I20a of the 
expandable tubular member 120. In addition, because the packer cup asscmbUes. 840 and 850, seal off an annular 
region 120aa below the packer cup assemblies between the expandable tubular member 120 and fte tubular support 
member 815. the injection of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the interior 120a of the expandable 
tubular member 120 thereby plastically deforming and radially expanding the expandable tubular member off of the 
expansion cone segments 825. Because the outer surfaces, 825bb and 825bc. of the e)^ansion cone segments 825 
are tapered, the plastic deformation and radial expansion of the expandable tubular member 120 proximate the 
expansion cone segments is facilitated. Furthermore, in an exemplary embodiment, the continued injection of the 
fluidic material 275 also pressurizes the annular region 120aa defmed between the interior surface of the expandable 
tubular member 120 and the exterior surface of the tubular support member 81 5 that is bounded on the upper end by 
the packer cup assembly 840 and on the lower end by the expansion cone segments 825. Furthermore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially expands at least a portion of the 
sunounding portion of the expandable tubular member 120. In this manner, the plastic deformation and radial 
expansion of the expandable tubular member 120 is enhanced. Furthermore, during operation of the apparams 300, 
the packer cup assemblies 840 and 850 prevent the pressurized fluidic material 275 from passing above and beyond 
the packer cup assemblies and thereby defme the length of the pressurized annular region I20aa. In an exemplary 
embodiment, the pressurization of the annular region I20aa decreases the operating pressures required for plastic 
deformation and radial expansion of the expandable mbular member 120 by as much as 50% and also reduces the 
angle of attack of the taper^d^extemal surfaces, 825bb and 825bc, of the expansion cone segments 825. 

The radial expansion of the expandable tubular member 120 may then continue until the upper end 120b of 
the expandable tubular member is radially expanded and plastically deformed along with the overlapping portion of 
the wellbore casing 1 1 0. Because the expansion cone segments 825 may be adjustably positioned from an outside 
diameter less than the insWe diameter of the expandable tubular member 120 to an outside diameter substantially 
equal to the inside diameter of the pre-existing casing 1 10, the resulting wellbore casing, including the casing 1 10 
and the radially expanded tubular member 120, created by the operation of the aR>aratus 800 may have a single 
substantially constant inside diameter thereby providing a mono-diameto- wellbore casing. 

During the radial expansion process, the expansion cone segments 825 may be raised out of the expanded 
portion of the tubular member 120 by applying an upward axial f<wce to the tubular support member 815. In a 
preferred embodiment, during the radial expanaon proccss, the expansion cone segments 825 are raised at 
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approximately the same rate as the tubular member 120 is expanded m order to keep the tubular member stationary 
relative to the new wellbore section 115. 

In a preferred embodiment, when the upper end portion of the expandable tubular member 120 and the 
lower portion of the wellbore casing 1 10 that overlap with one another are plastically deformed and radially 
expanded by the expansion cone segments 825, the expansion cone segments are displaced out of the wellbore 100 
by both the operating pressure within the interior ofthe tubular member 120 " 

applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic material 275 is controllably 
ramped down when the expansion cone segments 825 reach the upper end portion of the expandable tubular member 
120. In this manner, the sudden release of pressure caused by the complete radial expansion and plastic defonnation 
of the expandable tubular member 120 ofif of the expansion cone segments 825 can be minimized. In a prefenred 
embodiment, the operating pressure is reduced in a substantially linear feshion fiom 100% to about 10% during the 
end of the extrusion process beginning when the expansion cone segments 825 are within about 5 feet from 
completion of the extrusion process. 

Aitematively, or in combmation, the wall thickness of the upper end portion of the expandable mbular 
member 120 is tapered in order to gradually reduce the required operating pressure for plastically deforming and 
radially expanding the upper end portion of the tubular member, hi this manner, shock loading of the apparatus is at 
least reduced. 

Aitematively, or in combination, a shock absorber is provided in the tubular support member 805 in order 
to absorb the shock caused by die sudden release of pressure. The shock absorber may comprise, for example, any 
conventional commercially available shock absorber, bumper sub, or jars adapted for use in wellbore operations. 

Aitematively, or in combination, an expansion cone catchmg smicmre is provided in the upper end portion 
of the expandable tubular member 120 in order to catch or at least decelerate the expansion cone segments 825. 

Ahematively, or in combination, during the radial expansion process, an upward axial force is applied to 
the mbular support member 815 sufficient to plastically deform and radially expand the tubular member 120 off of 
the external surfaces, 225bb and 225bc. of the expansion cone segments 825. 

Aitematively. or in combmation, in order to facilitate the prcssurization of the interior 120a of the 
expandable tubular member by the injection of the fluidic materials 275. the region within the wellbore section 1 15 
below the apparatus 800 may be fluidicly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 805, the tubular support 
member 810, the tubular support memb^- 815, the end stop 820, the expansiwi cone segments 825, the ^lit ring 
collar 830. the dog assembly 835, the packer cup assembly 840. die spacer 845, and the packer cup assembly 850 are 
removed from the wellbores 100 and 115. 

If the expansion cone segments 825 become lodged within the expandable tubular member 120 during the 
radial expansion process, then a ball 280 may be placed in the throat 8 15aa of the passage 8 15a of the tubular 
support member 815. The continued injection of the fluidic material 275 following the placement of the ball 280 m 
the throat 815aa of the passage 815a of the tubular support member will then pressurize the radial passage 815b and 
an annular portion 835%a of the counterbore 835fg. As a result of die prcssurization of the annular portion 835fga 
of the counterijore 835fg, the tubular sleeve 835f, die pin 835b, the retainmg ring 835c, the ring 835d, die spring 
835e, and die mbular sleeve 835a of die dog assembly 835, and die spHt ring collar 830 are driven backward thereby 
displacing die expansion cone segments 825 backwards in die axial direction away from the end stop 820. In diis 
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manner, the outside diameter of the e3q)ansion cone segments 825 is thereby reduced and the apparatus 800 may 
then be removed from the expandable tubular member 120. 

Refeiring now to Figs. ISa^ 18b, ISc, and 1 8d, an embodiment of an adjustable expansion cone assembly 
900 will be described. The assembly 900 includes a tubular support member 905 that defines a passage 905a and 
includes an expansion cone support flange assembly 905b that is coupled to an end stop 910 that defines a passage 
910a. The expansion cone support flange assembly 905b includes a first tubular end 905ba, a second tubular end 
905bb, and an intermediate hexagonal conical tubular body 905bc that includes a plurality of substantially identical 
and equally spaced apart expansion cone segment support slots 905bcaa-905bcaf on each of the facets of fte 
hexagonal tubular body. 

A plurality of first expansion cone segments 915a-9]5c are provided that include T-shaped retaining 
members 915aa-91 5ca that mate with and are movably received within the T-shaped slots 905bcaa, 905bcac, and 
905bcae of the hexagonal conical tubular body 905bc of the expansion cone support assembly 905b, T-shaped 
retaining members 915ab-9l5cb, exterior top surfaces 915ac-915cCj exterior top surfaces 915ad-9I5cd, exterior top 
surfaces 915ae-9i5ce, cxtmor top surfaces 915af-915cf, and exterior top surfaces 915ag-915cg. In an exemplary 
embodiment, the exterior top sur&ces 915ac-915cc and the exterior top sur&ces 915ad-9I5cd are arcuate conical 
surfaces in which the angle of attack of the exterior top sur&ces 915ac-915cc is greater than the angle of attack of 
the exterior top sur£u:es 915ad-915cd. 

A plurality of second expansion cone segments 920a-920c, that are interleaved with and complementary 
shaped to the first expansion cone segments 915a-91 5c, are also provided that include T-shaped retaining members 
920aa-920ca that mate with and are movably received within the T-shaped slots 905bcab, 905bcad, and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 905b, T-shaped retaining 
members 920ab-920cb, exterior top sur&ces 920aC"920cc, ^terior top surfaces 920ad-920cd, exterior top surfaces 
920ae-920ce, exterior top surfaces 920af-920cf, and extoiortop surfaces 920ag-920cg. In an exemplary 
embodiment, die exterior top sur&ces 920ac-920cc and die exterior top surfiaces 920ad-920cd are arcuate conical 
surfaces in which the angle of attack of the exterior top surfaces 920ac-920cc is greater than the angle of attack of 
the exterior top surfaces 920ad-920cd. 

A split ring collar 925 is provided that defines a passage 925a for receiving the tubular support member 905 
that includes an L-shaped retaining member 925b at one end and another end of the split ring collar 925 includes T- 
shaped slots, 925c. 925d, 925e, 925f, 925g, and 925h, formating with and receiving tfie T-shaped retaining 
members, 915ab, 920ab, 915bb, 920bb, 915cb, and 920cb, of the expansion cone segments, 915a, 920a, 915b, 920b, 
915c, and 920c, respectively*' A tubular sleeve 930 is provided that defines a passage 930a for receiving the tubular 
support member 905 and that also includes a slot 930b for receiving and mating with the L-shaped retaining member 
925b of the split ring collar 925. 

During operation of the assembly 900, as illustrated in Figs. 18a, 18b» 18c, and 18d, in an unexpanded 
position, the expansion cone segments. 915a, 915b, 915c, 915d, 920a, 920b, 920c, and 920d are positioned adjacent 
to the base of the hexagonal conical tuboiar body 905bc of the expansion cone support flange 905b away from the 
end stop 910. In this manner, the outside diameter of the expansion cone segmoits is less than or equal to the 
maximum outside diameter of the assembly. Furthermore, in the unexpanded position, the expansion cone 
segments, 915a, 915b, and 915c, are positioned fiirther away from the end stop 910 than fhc expansion cone 
segments, 920a, 920b, and 920c. 

As illustrated in Figs. 19 and 19a, the assembly 900 may then be expanded by displacing the tubular sleeve 
930 and the split ring collar 925 io the axial direction towards the expansion cone segment support members 705bb. 
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As a result, the expansion cone segments, 915a, 915b, 915c, 920a, 920b, 920c, are driven up the hexagonal conical 
tubular body 905bc of the expansion cone support flange 905b until the expansiwi cone segments impact the end 
stop 910. In this manner, the outside diameter of the expansion segments, 915a, 9l5b» 915c, 920a, 920b, and 920c, 
is greater than the maximum diameter of the remaining components of the assembly 900. Furdiermore, the conical 
outer surfaces, 915ac, 915bc, 915cc, 920ac, 920bc, and 920cc, and the conical outer surfaces, 91 5ad, 91 5bd, 91 5cd, 
920ad, 920bd, and 920cd of the expansion cone segments, 915a, 915b, 915c, 920a, 920b, and 920c, respectively, 
may now be used to radially expand a tubular member. In an exemplary embodiment, the outer conical surfaces, 
915ac, 915bc, 915cc, 920ac, 920bc, and 920cc, and the conical outer surfaces. 91Sad, 915bd, 915cd, 920ad, 920bd, 
and 920cd of the expansion cone segments. 915a, 915b, 915c, 920a, 920b, and 920c, respectively, in the expanded 
position of the assembly 900, provide a substantially continuous outer conical surfaces in the circumferential 
direction. Furthermore, note that in the expanded position of the assembly 900, the first set of expansion cone 
segments, 915a, 915b, and 9l5c. are brought into alignment with the second set of expansion cone segments, 920a, 
920b, and 920c. 

The assembly 900 may then be returned to the unexpanded position by displacing the tubular sleeve 930 
and the split ring collar 925 in the axial direction away from the end stop 910. As a result, the expansion cone 
segments, 9i5a, 915b, 915c, 920a, 920b, and 920c, are displaced away from the end top 910, down the conical 
hexagonal tubular member 905bc and thereby are returned to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the remaining components of the 
assembly 900. 

in several alternative embodiments, the assembly 900 is incorporated mto die assemblies 200, 300, 400, 

and 800. 

Referring to Fig. 20a, an embodiment of an expansion cone segment assembly 1000 inchides interlocking 
expansion cone segments, lOOOa, 1000b, 1000c, lOOOd, 10U0e,and iOOOf 

Referring to Fig. 20b, an embodiment of an expansion cone segment assembly 1 100 includes interlocking 
expansion cone segments, 1 100a, 1 100b, 1 100c, I lOOd, 1 lOOe, and 1 lOOf 

Referring to Fig. 20c, an embodiment of an expansion cone segment assembly 1200 inchides interlocking 
expansion cone segments, 1200a, 1200b, 1200c, 1200d, 1200e,and 1200f 

Refening to Fig. 20d, an embodiment of an expansion cone segment assembly 1300 includes interlocking 
expansion cone segments, 1300a, 1300b, 1300c, ]300d, 1300e, and 1300f 

Refisrring to Fig. 20e, an embodiment of an expansion cone segment assembly 1400 includes interlocking 
expansion cone segments,1400a, 1400b, 1400c, I400d, 1400e, and 1400f 

Referring to Fig. 20f, ah embodunent of an expansion cone segment assembly 1500 includes interlocking 
expansion cone segments, 1500a, 1500b, 1500c, 1500d, 1500e,and 1500f. 

Referring to Fig. 20g, an embodiment of an expansion cone segment assembly 1600 includes interlocking 
expansion cone segments, 1600a, 1600b, 1600c, 1600d, 1600e,and ]600f. 

Referring to Fig. 20h, an embodiment of an expansion cone segment assembly 1 700 includes mterlocking 
expansion cone segments, 1700a, 1700b, 1700c, 1700d, 1700e,and 1700f. 

Referring to Fig. 20i, an embodunent of an expansion cone segment assembly 1 800 includes interlocking 
expansion cone segments, 1800a, 1800b, 1800c, I800d, 1800e,and 1800f 

Referring to Fig. 20j, an embodiment of an expansion cone segment assembly 1 900 includes interiocking 
expansion cone segments, 1900a, 1900b, 1900c, 1900d, 1900e. and 1900f 
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Referring to Fig. 20k, an embodiment of an expansion cone segment assembly 2000 includes interlocking 
expansion cone segments, 2000a, 2000b, 2000c, 2000d, 2000e, and 2000f. 

Refeiring to Fig. 201, an embodiment of an expansion cone segment assembly 2100 includes interlocking 
expansion cone segments, 2100a, 2100b, 2100c, 2100d, 2100e, and 2 lOOf 

Referring to Fig. 20m, an embodiment of an expansion cone segment assembly 2200 includes interlocking 
expansion cone segments, 2200a, 2200b, 2200c, 2200d, 2200e, and 2200f 

The expansion cone segment assemblies 1000, 1 100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 
2000, 2100, and 2200 provide enhanced operational properties such as, for example, efHcient radial expansion of 
expandable tubular members and durability during operation. 

In several alternative embodiments, the design and operational features of the apparatus 200, 300, 400, 500, 
600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, and 2200 may be 
combined, in whole or in part, and/or the design and operational elements of the apparatus 200, 300, 400, 500, 600, 
700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, and 2200 may be 
inteispersed among each other. 

In several alternative embodiments, the q}paradis 200, 300, 400, 500, 600, 700, SOO, 900, and 1000, 1 100, 
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900,2000,2100, and 2200 may be used to fomi or repair wellbore 
casings, pipelines, or structural supports. 

In several alternative embodiments, the apparatus 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, and 2200 include two or more expansion cone 
segments that may be movably support and guided on a tapered expansion cone support body that may, for example, 
be conical, or may be a multi-sided body. 

In several alternative embodiments, the design and operation of the apparatus 200, 300, 400, 500, 600, 700, 
800, 900, 1000, 1 100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, and 2200 are provided 
substantially as disclosed in one or more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791 .8.02, 
filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. attorney docket no. 25791.9,02, filed on 
1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10^2000, 
(6) U.S. patent q)plication serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. 
patent application serial no. 09/5 1 1 ,94 1 , attorney docket no. 25791 . 1 6.02, filed on 2/24/2000, (8) U.S. patent 
application serial no. 09/58^^946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney dodcet no. 25791 29, filed on 9/16/1999, (13) U.S. pTovisk>nal patent application serial no. 
60/159,082, attorney dodcet no. 2579134, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791 36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 25791 37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359. attorney dock^ no. 25791 38, filed on 6/19/2000, (17) U.S. provisional patait application serial no. 
60/165,228, attorney docket no. 2579139, filed on 11/12/1999, (18) U.S. provisional patent application serial no. 
60/221,443, attorney dodcet no. 25791.45, filed on 7/28/2000, (19) U.S. proviswnal patent application serial no. 
60/221,645, attorney docket no. 25791 .46, filed on 7/28/2000, ^0) U.S. provisional patent application serial no. 
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60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application serial no. 
60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 
60/270,007, attorney docket no. 25791.50, filed on 2/20/2001: and (23) U.S. provisional patent application serial no. 
60/262,434, attorney docket no. 25791.51, filed on I/I 7/2001; and (24) U.S. provisional patoit application serial no. 
60/259,486, attorney docket no. 25791.52, filed on 1/3/2001, the disclosures of which are incorporated herein by 
reference. 

An apparatus for radially expanding a tubular member has been described ^at includes a tubular support 
member that includes a first tubular support body defining a longitudinal passage, a first lug coupled to and 
extending from the first tubular support body in the radial direction, a second lug coupled to and extending from the 
first tubular support body in the radial direction, and an expansion cone support body coupled to the first tubular 
support body. The expansion cone support body includes an N-sided tapered tubular support member, wherein each 
side of the multi-sided tapered tubular support member defines a T-shaped slot. N expansion cone segments are 
movably coupled to the expansion cone support body, each including an expansion cone segment body including 
arcuate conical outer surfaces, a first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the T-shaped slots of the expansion 
cone support body, and a second T-shaped retaining member coupled to the expansion cone segment body. A split 
ring collar assembly is movably coupled to the exterior of the tubular support member that includes a second tubular 
support body defining N T-shaped slots for movably receiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L-shaped retaining member coupled to the second tubular suppon 
body. A first drc^ block assembly is movably coupled to the tubular support member that includes a first drag block 
body defining a slot for receiving and madng with the L-shaped retaining member of the split ring collar, and a first 
J-shaped slot for receiving the first lug, and one or more first drag blocks coupled to the first drag block body. A 
second drag block assembly is movably coupled to the tubular support member that includes a second drag block 
body defining a second J-shaped slot for receiving the second lug, and one or more second drag blocks coupled to 
the second drag block body. First and second packer cups are coupled to the tubular support member between the 
first and second drag block assemblies. 

An apparatus for radially expanding a tubular member has also been described that mcludes a tubular 
support member that includes a first tubular support body defining a longitudinal passage, a first fiange coupled to 
the first tubular support body, a second flange coupled to the first tubular support body, a first tapered flange 
coupled to the first tubular support body, a second tapered flange coupled to the first tubular support body, and an 
expansion cone support bocjy coupled to the first tubular support body. The expansion cone support body includes 
an N-sided tapered tubular support member, wherein each side of the multi-sided tapered tubular support member 
defines a T-shaped slot N expansion cone segments are movably coupled to the expansion cone support body, each 
including an expansion cone segment body including arcuate conical outer sur&ces, a first T-shaped retaining 
member coupled to the expansion cone segment body for movably coupling the expansion cone segment body to a 
corresponding one of the T-shaped slots of ifae expansion cone support body, and a second T-shaped retaining 
member coupled to the expansion cone segment body. A split ring collar is movably coupled to the exterior of the 
tubular support member that includes a second tubular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first collet assembly is movably coupled to 
the tubular support member that includes a first tubular sleeve that defines a slot for receiving and mating with the 
L-shaped retaining member of the split ring collar, a first counterbore for receiving the first flange, and a first radial 

39 



wo 03/023178 PCT/US02/25608 

passage, a first spring received within the first coiinterbore. a first retaining ring received within the first 
counterbore, a first load transfer pin coupled to the first retaining ring and extending through the first radial passage, 
a second tubular sleeve coupled to the first load transfer pin, a first resilient collet coupled to the second tubular 
sleeve and positioned above the first tapered flange, and a third tubular sleeve coupled to the first resilient collet. A 
second collet assembly is movably coupled to the tubular support member that includes a fourth tubular sleeve that 
defmes a second counterbore for receivmg the second flange, and a second radial passage, a second spring received . 
within the second counterbore, a second retainuig rbg received within the second counterbore, a second load 
transfer pin coupled to the second retaining ring and extending through the second radial passage, a fifth tubular 
sleeve coupled to the second load n-ansfer pin, a second resilient collet coupled to the fifth tubular sleeve and 
positioned above the second tapered flange, and a sixth tubular sleeve coupled to the second resilient collet. First 
and second packer cups coupled to the tubular support member between the fu^t and second collet assemblies. 

An apparatus for radially expandmg a tubular member has also been described that includes a tubular 
support member that includes a first tubular support body defining a longitudinal passage, a first radial passage 
defined m Ae first tubular support body fluidicly coupled to tiie longitudinal passage, a fffst flange coupled to the 
fu^t tubular support body, a second flange coupled to the first tubular support body, a first tapered flange coupled to 
the first tubular support body, a second tapered flange coupled to the first tubular suppon body, and an expansion 
cone support body coupled to the first tubular support body. The expansion cone support body includes an N-sided 
tapered tubular support member, wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot N expansion cone segments are movably coupled to the expansion cone support body, each including 
an expansion cone segment body including arcuate conical outer surfaces, a first T-shaped retaining member 
coupled to the expansion cone segment body for movably coupling the expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone suj^ort body, and a second T-shaped retaining 
member coupled to the expansion cone segment body. A split ring collar is movably coupled to the exterior of the 
tubular support member that includes a second tubular support body that defines N T-sh^ed slots for movably 
receiving corresponding ones of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first dog assembly is movably coupled to 
the tubular support member that includes a first tubular sleeve that defines a slot for receiving and mating with the 
L^haped retaining member of the split ring collar, a first counterbore for receivmg the first flange, and a second 
radial passage, a first spring received within the first counte]i>ore, a first retainmg ring received within the first 
counterbore, a first load nansfer pin coupled to the first retaining ring and extending through the second radial 
passage, and a second tubular sleeve coupled to the first load transfer pin that defines a second councerbore for 
receiving the first tubular sleeve, a first resilient dog coupled to the second tubular sleeve and positioned adjacent to 
the first tapered flange. A second dog assembly is movably coupled to the tubular support member that includes a 
third tubular sleeve that defmes a second counterbore for receiving the second flange, a third radial passage, and a 
fourth radial passage fluidicly coupled to the first radial passage, a second spring received within the second 
counterbore, a second retammg ring received within ^e second counterbore, a second load transfer pin coupled to 
the second retaining ring and extending through the third radial passage, a fourth tubular sleeve coupled to the 
second load transfer pin, and a second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to 
the second tapered flange. First and second packer cups are coupled to the tubular support member between the first 
and second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described that includes a tubular 
support member that includes a first tubular support body defining a longitudinal passage including a throat passage, 
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a fvst radial passage defined in the first tubular support body fluidicly coupled to the longitudinal passage, a first 
flange coupled to the first tubular support body, a second flange coupled to the first tubular support body that 
defines a second radial passage defined in the second flange fluidicly coupled to the longitudinal passage, a tapered 
flange coupled to the first tubular support body, and an expansion cone support body coupled to the first tubular 
support body. The expansion cone support body includes an N-sided tapered tubular support member, wherein each 
side of the multi-sided tapered tubular support member defmes a T-shaped slot N expansion cone segments are 
movably coupled to the expansion cone support body, each including an e3q>ansion cone segment body including 
arcuate conical outer surfaces, a first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the T-shaped slots of the expansion 
cone support body, and a second T-shaped retaining member coiq)Ied to the expansion cone segment body. A split 
ring collar is movably coupled to the exterior of the tubular support member that includes a second mbular support 
body that defines N T-shaped slots for movably receiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L-shaped retaming member coupled to the second tubular support 
body. A dog assembly is movably coupled to the tubular support member that includes a first tubular sleeve that 
defines a slot for receiving and mating with the L-shaped retaining member of the split ring collar, a first 
counterbore for receiving the first flange, and a third radial passage, a spring received within the first counterbore, a 
retaining ring received within the first counterbore, a load transfer pin coupled to the retaining ring and extending 
through the third radial passage, a second tubular sleeve coupled to the first load transfer pin that defmes a first 
counterbore for receiving the first tubular sleeve, a second counterbore for receiving and mating with the tapered 
flange, and includes a third flange that defmes a third counterbore for receiving die second flange, a fourth 
counterbore for receiving the second flange, and a fourth radial passage, and a resilient dog coupled to die second 
mbular sleeve and positioned adjacent to die tapered flange. First and second packer ci^s are coupled to the tubular 
support member between the resilient dog and the third flange. 

An adjustable expansion cone assembly has also beai described that includes a tubular support member 
diat includes a tubular support body and an expansion cone support body coupled to the tubular support body. The 
expansion cone support body includes an K-sided tapered tubular support member, wherein each side of the multi- 
sided tapered tubular support member defmes a T-shaped slot, M expansion cone segments are movably coupled to 
die expansion cone support body, each mcluding an expansion cone segment body includmg arcuate conical outer 
surfaces, a first T-shaped retaining member coupled to the expansion cone segmem body for movably coupling the 
expansion cone segment body to a conesponding one of the T-shaped slots of the expansion cone support body, and 
a second T-shaped retaining member coupled to the expansion cone segment body. A split rmg collar is movably 
coupled to the exterior of the tubular support member that includes a second tubular support body that defines N T- 
shaped slots for movably receiving corresponding ones of the second T-shaped retainmg members of the expansion 
cone segments, and an l-shaped retaining member coupled to the second tubular support body. A tubular actuating 
sleeve is movably coupled to the tubular support member diat mcludes a third tubular support body diat defines a 
slot for receiving and mating with the L-shaped retaming member of the ^lit ring collar. 

An adjustable expansion cone assembly has also been described that mcludes a tubular support member 
that includes a first tubular support body, and an expansion cone support body coupled to the tubular support body. 
The expansion cone siQ)port body inchides a tapered tubular support membw defining N stepped slots. An 
expansion cone assembly is movably coupled to the mbular support member that includes a second mbular support 
body movably coupled to die fffst tubular support body defining an L-sha^ed slot, and N expansion cone segments 
extending from the second tubular support member. Each exjpansion cone segment mcludes a resilient collet 
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coupled to the second tubular support member, an expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surfeces, and a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the stepped slots of the expansion 
cone support body, A split ring collar is movably coupled to the exterior of the mbular suppon member that 
includes a third tubular support body, a furst L-shaped retaining member coupled to the third tubular support body 
for mating with the L-shaped slot of the second tubular support body of the expansion cone assembly, and a second 
L-shaped retaining member coupled to the third tubular body. A tubular actuating sleeve is movably coupled to the 
tubular support member that includes a third tubular support body that defines a slot for receiving and mating with 
the second L-sh2?)ed retaimng member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes a tubular support member 
that includes a fu^t tubular support body, and an expansion cone support body coupled to the tubular support body. 
The expansion cone support body includes a tapered tubular support member defming N slots. An expansion cone 
assembly is movably coupled to the tubular support member that mcludes a second mbular support body movably 
coupled to the first tubular support body defimng an L-shaped slot, and N expansion cone segments extending from 
tiie second tubular support member. Each expansion cone segment includes a resilient collet coupled to tfie second 
tubular support member, an expansion cone segment body coupled to the resilient collet including arcuate conical 
outer surfaces, and a retaining member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the slots of the expansion cone support body. A split ring 
collar is movably coupled to the exterior of the tubular support member that includes a third tubular support body, a 
first L-shaped retaining member coupled to die third tubular support body for mating with the L-shaped slot of the 
second tubular support body, and a second L-shaped retaining member coupled to the third tubular support body. A 
tubular actuating sleeve is movably coupled to the tubular support member that includes a third tubular support body 
diat defines a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that mcludes a mbular support member 
that includes a fust tubular support body, and an expansion cone support body coiq>led to the tubular support body. 
The expansion cone support body includes a tiered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support member that inchides a second tubular support body movably 
coupled to the first tubular support body defining an L-shaped slot N/2 first expansion cone segments extending 
from the second mbular support member, and N/2 second expansion cone segments extending from the second 
tubular member. Each first expansion cone segment includes a first resilient collet coupled to the second tubular 
support member, a first expansion cone segment body coupled to the resilient collet including arcuate conical outer 
surfaces, and a first retaining member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment body to a corresponding one of the slots of the expansion cone support body. Each second 
expansion cone segment includes a second resyient collet coupled to the second tubular support member, a second 
expansion cone segment body coupled to the resilient collet including arcuate conical outer surfaces, and a second 
retaming member coupled to the expansion cone silent body for movably coupling the expansion cone segment 
body to a corresponding one of the slots of the expansion cone support body. The second expansion cone segments 
overlap and are mterleaved with the first expansion cone segments. A split ring collar is movably coupled to the 
exterior of the mbular support member that includes a third tubular support body, a first L-shaped retaming member 
coupled to the third tubular support body for mating whh L-shaped slot of the second mbular support body, and a 
second L-shaped retaining member coupled to the third mbular support body. A tubular actuating sleeve is movably 
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coupled to the tubular support member that includes a third tubular support body that defines a slot for receiving and 
mating with the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes a ttibular support member 
that includes a first tubular support body, and an expansion cone support body coupled to the first tubular support 
body. The expansion cone support body includes an N-sidcd tapered tubular support member, wherein each side of 
the multi-sided tapered tubular support member defines a T-shaped slot. N/2 first expansion cone segments are 
movably coupled to the e3q>ansion cone support body, each including a first expansion cone segment body including 
arcuate conical outer surfaces, a fust T-shq)ed retaining member coupled to the first expansion cone segment body 
for movably coupling the first expansion cone segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a second T-shaped retaining member coupled to the firet expansion cone segment 
body. N/2 second expansion cone segments are also movably coupled to the expansion cone support body, each 
including a second expansion cone segment body including arcuate conical outer surfaces, a third T-shaped retaining 
member coupled to the second expansion cone segment body for movably coupling the second expansion cone 
segment body to a corresponding one of the T-shaped slots of the expansion cone support body, and a fourth T- 
shaped retaining member coupled to the expansion cone segment body. The first and second expansion cone 
segments are interleaved. The first expansion cone segment bodies are complementary shaped widi respect to the 
second expansion cone segment bodies. A split ring collar assembly is movably coupled to the exterior of the 
tubular support member that includes a second mbular support body that defines N T-shaped slots for movably 
receiving corresponding ones of the second and fourth T-shaped retaining members of the interleaved fu^t and 
second expansion cone segments, and an L-shaped retaming member coupled to the second tubular support body. A 
tubular actuating sleeve movably coupled to the tubular support member that includes a third tubular support body 
that defines a slot for receiving and matrag with the L-diapcd retaining member of the split ring collar. 

An apparatus for radially expanding a tubular member has also been described that includes a tubular 
support member that includes a first tubular support body defining a longitudinal passage, a first lug coupled to and 
extending fi-om the first tubular support body in the radial direction, and a second lug coupled to and extending from 
the first tubular support body in the radial direction. An adjustable expansion cone assembly is movably coupled to 
tiie tubular support member. A first drag block assembly is movably coupled to the tubular support member that 
includes a first drag block body coupled to the adjustable expansion cone assembly that defines: a fust J-shaped slot 
for receiving the first lug, and one or more first drag blocks coupled to the first drag block body. A second drag 
block assembly is movably coupled to the tubular support member that includes a second drag block body that 
defines: a second J-shaped^lot for receiving the second lug, and one or more second drag blocks coupled to the 
second drag block body. First and second packer cups are coupled to the tubular support member between the firet 
and second drag block assemblies. 

An apparanis for radially expanding a tubular member has abo been described that includes a mbular 
support member that includes a first tubular support body definmg a longitudmal passage, a fiist flange coupled to 
the first tubular suppact body, a second fiange coupled to the first tubular support body, a first tapered flange 
coupled to the first tubular support body, and a second tapered flange coupled to the first mbular support body. An 
adjustable expansion cone assembly is movably coupled to the tubular support member. A first coUet assembly is 
movably coupled to the tubular support member that includes a first tubular sleeve coupled to the adjustable 
expansion cone assembly and defines a fust counterbore for receiving the first flange, and a first radial passage, a 
first spring received withm the first counterbore, a first retaming ring received whhin die fust counterbore. a first 
load transfer pm coupled to the first retaining ring and extending through the first radial passage, a second tubular 
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sleeve coupled to the first load transfer pin, a first resilient collet coupled to the second tubular sleeve and positioned 
above the first tapa«d flange, and a third tubular sleeve coupled to the first resilient collet. A second collet 
assembly is movably coupled to the tubular support member that includes a fourth tubular sleeve that defines: a 
second counterbore for receiving the second flange, and a second radial passage, a second spring received within the 
second counterbore, a second retaining ring received within the second counterbore, a second load transfer pin 
coupled to the second retaining ring and extending through the second radial passage, a fifth tubular sleeve coupled , 
to the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve and positioned above the 
second tiered flange, and a sixth tubular sleeve coupled to the second resilient collet. First and second packer cups 
are coupled to die tubular support member between the first and second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described that includes a Uibular 
support member that includes a first tubular support body defining a longitudinal passage, a first radial passage 
defined in the first tubular support body fluidicly coupled to the longitudinal passage, a first flange coupled to the 
first tubular support body, a second flange coupled to die fu^t tubular support body, a first tapered flange coupled to 
the first tubular support body, and a second tapered flange coupled to the first tubular support body. An adjustable 
expansion cone assembly is movably coupled to the tubular support member. A first dog assembly is movably 
coupled to the tubular siqiport member that includes a first tubular sleeve coupled to the adjustable expansion cone 
assembly that defines: a first counterbore for receiving the first flange, and a second radial passage, a first spring 
received within the first counterbore, a first retaining ring received within the first counterbore, a first load transfer 
pin coupled to the first retaining ring and extending through the second radial passage, a second tubular sleeve 
coupled to the first load transfer pin that defines; a second counterbore for receiving the fu^ tubular sleeve, a first 
resilient dog coupled to the second tubular sleeve and positioned adjacent to die furst tapered flange. A second dog 
assembly is movably coupled to the tubular support member that includes a thurd tubular sleeve diat defines a second 
counterbore for receiving the second flange, a third radial passage, and a fourth radial passage fluidicly coupled to 
the first radial passage, a second spring received within the second counterbore, a second retaining ring received 
widiin the second counterbore, a second load transfer pin coupled to the second retaining ring and extending through 
the third radial passage, a fourth tubular sleeve coupled to the second load transfer pm, a second resilient dog 
coupled to the fourth mbular sleeve and positioned adjacent to the second tapered flange. First and second packer 
cups are coupled to the tubular support member between the first and second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described that includes a tubular 
support member that includes a first tubular si5)port body defining a longitudinal passage including a throat passage, 
a first radial passage defined'in the first tubular aipport body fluidicly coupled to the longitudinal passage, a first 
flange coupled to the first tubular support body, and a second flange coupled to the first tubular support body that 
defines: a second radial passage defined in the second flange fluidicly coupled to the longitudinal passage. An 
adjustable expansion cone assembly is movably coupled to the tubular support member. A dog assembly is movably 
coupled to the mbular support member that mcludes a first tubular sleeve coiq)led to the adjustable expansion cone 
assembly that defines a first counterbore for receiving the first flange, and a third radial passage, a ^ring received 
within the first counterbore, a retaining ring received within the first coimterbore, a load transfer pin coupled to the 
retaining ring and extending through the thurd radial passage, a second tubular sleeve coupled to the first load 
transfer pin that defines: a first counterbore for receivmg the fu^ tubular sleeve, a second counterbore for receivmg 
and mating widi the tapered flange, and includes a third flange that defines a third counterbore for receivmg the 
second flange, a fourth countcibore for receiving the second flange, and a fourth radial passage, and a resilient dog 
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coupled to the second tubular sleeve and positioned adjacent to the tapered flange. First and second packer cups are 
coupled to the tubular si4)port member between the resilioit dog and the third flange. 

An apparatus for radially expanding a tubular member has also been described that includes a njbular 
support member, an adjustable expansion cone assembly movabiy coupled to the tubular support member, and 
means for adjusting the adjustable expansion cone assembly. 

An adjustable expansion cone assembly has also been described that includes a tubular support member. 
An adjustable expansion cone is movabiy coupled to the tubular support member that includes a phirality of 
expansion cone segments, and means for guiding the expan^on cone segments on the tubular support member. The 
assembly finrther includes means for adjusting the adjustable expansion cone. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes guiding the expansion cone segments on a tapered body, and 
controUably displacing the expansion cone segments along the tapered body. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes guiding the expansion cone segments on a multi-sided tapered body, 
interlocking the expansion cone segments, and controllably displacing Ae expansion cone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes resiliently guiding the expansion cone segments on a muki-sided 
tapered body, guiding each of the expansion cone segments on opposite sides in the circumferential direction, 
interlocking the expansion cone segments, and controllably displacing the expansion cone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes dividing the expansion cone segments into first and second groups of 
expansion cone segments, interleavmg the first and second groups of expansion cone segments, overlapping the first 
and second groups of expansion cone segments, resiliently guiding the expansion cone segments on a multi-sided 
tapered body, guiding each of the expansion cone segments on opposite sides in the circumferential direction, and 
controllably displacing the expansion cone segments along the tapered body. 

A mertiod of operating an adjustable expansion cone assembly including a plurality of expansion cone 
segments has also been described that includes dividing the expansion cone segments into first and second groups of 
expansion cone segments, interieaving the first and second groups of expansion cone segments, guiding the 
expansion cone segments oh-a inuW-sided tapered body, and controllably displacing the expansion cone segments 
along the tapered body while also relatively di^lacing the first and second groups of expansion cone segments in 
opposite directions. 

A method of plastically defonning and radially expanding an expandable tubular member using an 
apparatus including a tubular support member, an adjustable expansion cone assembly movabiy coupled to the 
tubular support member, and an actuator movabiy coupled to the tubular support member for adjusting the 
adjustable expansion cone assembly, has also been described that includes coupling a first end of the expandable 
tubular member to a tubular stnicture. locking the actuator to the tubular support member of the apparatus, inserting 
the apparatus into the first end of the expandable tubular member, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular member, reinserting the actuator of 
the apparatus mto the second end of the expandable mbular member, unlocking the actuator from the tubular support 
member of the apparatus, rotating the actuator relative to the tubular support member of the apparatus, and 
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increasing the outside diameter of the adjustable expansion cone assembly by moving the tubular support member 
relative to the actuator, the adjustable expansion cone assembly and the expandable tubular member, and plastically 
deforming and radially expanding the expandable tubular member by moving the adjustable expansion cone 
assembly through the expandable mbular member. 

A method of plastically deforming and radially expanding an expandable tubular member using an 
apparatus including a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, and an actuator movably coupled to the tubular suppon member for adjusting the 
adjustable expansion cone assembly, has also been described that includes coupling a first end of the expandable 
tubular member to a tubular structure, inserting the apparatus into the first end of the expandable tubular member in 
a first direction, displacing the actuator of the apparatus in a second direction opposite to the first direction, applying 
a resilient biasing force to the adjustable expansion cone assembly in the second direction, moving the actuator and 
tlie adjustable expansion cone assembly of the apparatus out of the second end of the expandable tubular member, 
reinserting the actuator of the apparatus into the second end of the expandable tubular member in the second 
direction, increasing the outside diametCT of the adjustable expansion cone assembly by displacing the actuator and 
the adjustable expansion cone assembly relative to the expandable tubular member in the first direction, and 
plastically deforming and radially expanding the expandable ttibular member by moving the adjustable expansion 
cone assembly through the expandable tubular member in the second direction. 

An adjustable expansion cone assembly has also been described that includes a plurality of expansion cone 
segments, means for guidmg the expansion cone segments on a tapered body, and means for controllably displacing 
the expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that inchides a plurality of expansion cone 
stents, means for guiding the expansion cone segments on a multi-sided tapered body, means for interlocking the 
expansion cone se^ents, and means for controllably displacing the expansion cone segments along the tapered 
body. 

An adjustable expansion cone assembly has also been described that inchides a plurality of expansion cone 
segments, means for resiliently guiding the expansion cone segments on a multi-sided tapered body, means for 
guiding each of the expansion cone segments on opposite sides in the circumferential direction, means for 
interlocking the expansion cone segments, and means for controllably displacing the expansion cone segments along 
the tapered body. 

An adjustable expansion cone assembly has also been described that includes a plurality of expansion cone 
segments, means for dividing the expansion cone segments into first and second groups of expansion cone segments, 
means for interleaving the first and second groups of expansion cone segments, means for overlapping the first and 
second groups of expansion cone segments, means for resiliently guiding the expansion cone segments on a multi- 
sided tapered body, means for guiding each of the expansion cone segments on opposite sides in the circumferential 
direction, and means for controllably displacing the expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that includes a phnality of expansion cone 
segments, means for dividmg the expansion cone segments into first and second groups of expansion cone segments, 
means for interleaving the first and second groups of expansion cone segmems, means for guiding the expansion 
cone segments on a multi-sided tapered body, and means for controllably displacing the expansion cone segments 
along the tapered body while also relatively displacing the first and second groups of expansion cone segments in 
opposite directions. 
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An apparatus for plastically deforming and radially expanding an expandable tubular member has also been 
described that includes a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, means for actuating the adjustable expansion cone assembly, means for locking the 
actuator to the tubular support member of the apparatus, means for unlocking the actuator from the tubular support 
member of the apparatus, and means for increasing the outside diameter of the adjustable expansion cone assembly 
by moving the mbular support member relative to the actuator, the adjustable expansion cone assembly, and the 
expandable tubular member. 

An apparatus for plastically deforming and radially expandmg an expandable tubular member has also been 
described tfiat includes a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, means for actuating the adjustable expansion cone assembly, means for displacing the 
actuator of the apparatus in a first direction, means for applying a resilient biasing force to the adjustable expansion 
cone assembly when the actuator is displaced in the first direction, and means for increasing the outside diameter of 
the adjustable expansion cone assembly by displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable tubular member in a second direction opposite to the first direction. 

Although fllustrative embodiments of the invention have been shown and described, a wide range of 
modification, changes and substitution is contemplated in the foregoing disclosure. In some instances, some 
features of the present invention may be employed without a corresponding use of the other features. Accordingly, 
it is appropriate that the appended claims be construed broadly and in a manner consistent with the scope of the 
invention. 



47 



wo 03/023178 



PCT/US02/25608 



Claims 

1 . An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in the radial direction: 
a second lug coupled to and extending from the first tubular support body in the radial direction; 
and 

an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support memben 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; 
a split ring collar assembly movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body definmg: 

N T-shaped slots for movably receiving con«sponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; 
a first drag block assembly movably coupled to the tubular support member that comprises: 
a first drag block body defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 
collar; and 

a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag block bod>^ 
a second drag block assembly movably coupled to the tubular support member that comprises: 
a second^drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag block body; and 
fust and second packer cups coupled to the tubular support member between the first and second drag 
block assemblies. 

2. An apparatus for radially expanding a tubular memba-, comprismg: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first mbular support body; 
a first tapered liaise coupled to the first tubular support body; 
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a second tapered flange coupled to ihe first tubular support body; and 
an expansion cone support body CDiq)led to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of tlie muld-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a coirespondmg one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body that defines: 

N T-shaped slots for movably receiving con-esponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaming member coupled to the second tubular support body; 
a first collet assembly movably coupled to the tubular support member that comprises: 
a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 
collar; 

a first counterbore for receiving the first flange; and 

a first radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 

a first load transfer pin coupled to the first retaining ring and extending through the first radial 
passage; 

a second tubular sleeve coupled to the first load transfer pin; 

a first resilient collet coupled to the second tubular sleeve and positioned above the first tapered 
flange; and 

a third tubular sleeve coupled to the first resilient collet; 
a second collet assembly movably coupled to the mbular support member that comprises: 
a fourth tubular sleeve defining: 

a second counterbore for receivmg the second flange; and 

a second radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second counterbore; 

a second load transfer pin coupled to the second retaining ring and extending through the second 
radial passage; 

a fifth tubular sleeve coupled to the second load transfer pin; 

a second resilient collet coupled to the fifth tubular sleeve and positioned above the second tapered 
flange; and 

a sixth tubular sleeve coupled to the second resilient collet; and 

49 



wo 03/023178 PCT/US02/25608 

first and second packer ciips coupled to the tubular support member between the first and second collet 
assemblies. 

3. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defming a longitudinal passage; 

a first radial passa^ defined in tlie first tubular support body fluidicly coupled to the longinidinal 
passage; 

a first fiange coupled to die first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered fiange coupled to the first tubular support body; 
a second tigered flange coupled to the fir^ tubular support body; and 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

vfhertm each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T-shaped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining m^ber coupled to the e^ansion cone segment body; 
a split ring collar movably coupled to the exterior of die tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of die expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; 
a first dog assembly movably coupled to the mbular support member that comprises: 
a first tubular sleeve defining: 

a slot for receiving and mating with the Lrsliaped retaining member of the split ring 
''y' ' collar; 

a first coimterbore for receiving the first fiange; and 

a second radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 

a first load transfer pin coupled to the first retaining ring and extending through the second radial 
passage; 

a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular s leeve ; 
a first resilient dog coupled to the second tubular sleeve and posidoned adjacent to the first tapered 

fiange; 

a second dog assembly movably coupled to the tubular support member that comprises: 
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a third tubular steeve deling; 

a second counterbore for receiving the second flange; 
a third radial passage; and 

a fourth radial passage fluidicly coupled to the first radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second counterbore: 

a second load transfer pin coupled to the second retaining rii^ and extending through the third 
radial passage; 

a fourth tubular sleeve coupled to the second load transfer pin; 

a second resilient dog coupled to the fburdi tubular sleeve and positioned adjacent to the second 
tapered flange; and 

first and second packer cups coupled to the tubular support member between the first and second dog 
assemblies. 

4. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage inchiding a throat passage; 

a first radial passage defined in the first tubular support body fluidicly coupled to the longitudinal 

passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to die first tubular support body defining: 

a second radial passage defined m the second flange fluidicly coupled to the longitudinal 
passage; 

a tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the fust tubular support body comprising: 
an N-sided tapered tubular support member; 

v^erein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

N expansion cone segments movably coupled to the expansion cone support body, each comprising: 
an expansion cone segment body including arcuate conical outer surfaces; 
a first T^haped retaining member coupled to the expansion cone segment body for movably 

coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member coupled to fiie expansion cone segment body; 
a splh ring collar movably coupled to the exterior of the tubular support member cixnprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an ^shaped retaining member coupled to the second tubular support body; 
a dog assembly movably coupled to the mbular support member that comprises: 
a first tubular sleeve defining: 
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a slot for receivmg and mating with tfie L-sh^ed retaining member of the split ring 
collar; 

a first counterbore for receiving the first flange; and , 

a third radial passage; 
a spring received within the first counterbore; 
a retaining ring received within the first counterbore; 

a load transfer pin coupled to the retaining ring and extending through the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that defines: 
a first counterbore for receiving the first tubular sleeve; 
a second counterbore for receiving and mating with the tapered flange; and 
comprises: 

a third flange defining: 

a third counterbore for receiving the second flange; 
a fourth counterbore for receiving the second flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned adjacent to the tapered flange; 
and 

first and second packer cups coupled to the tubular support member between the resilient dog and the third 
flange. 

5. An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a tubular support bod>^ and 

an expansion cone support body coupled to the tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

>l expansion cone segments movably coupled to the expansion cone suppon body, each comprising: 
an expansion cone segment body including arcuate conical outer surfeces; 
a first T-shaped retaining memb^ coupled to the expansion cone segment body for movably 

'coupling the expansion cone segment body to a corresponding one of the T-shaped slots 
of the expansion cone support body; and 
a second T-shaped retaining member cotq>led to the expansion cone segment body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a third mbular support body defining: 

a slot for receiving and mating with die L-shaped retaining member of the split ring 
collar. 
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An adjustable expansion cone assembly., comprising: 
a tubular support member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the tubular support body comprising: 

a t£qpered tubular support member defining N stepped slots; 
an expansion cone assembly movably coupled to the tubular support member comprismg: 

a second tubular support body movably coupled to the first tubular support body defining an L- 

shaped slot; and 

N expansion cone segments extending from the second tubular support member, each expansion 
cone segraem comjaising: 

a resilient collet coupled to the second tubular support member; 

an expansion cone segment body coupled to the resilient collet including arcuate 

conical outer sur&ces; and 
a retaining member coupled to the expansicm cone segment body for movably 
coupling die expansion cone segment body to a corresponding one of 
the stepped slots of the expansion cone support body; 
a split rkig collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating with the L- 

shaped slot of the second tubular support body of the expansion cone assembly; and 
a second L-shaped retaining member coupled to the third tubular body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with ^e second L-shaped retainmg member of the split 
ring collar. ^ 

An adjustable expansion cone assembly, comprismg: 
a tubular support member comprismg: 

a first tubular support body; and 

an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N slots; 
an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defmmg an L- 

shaped slot; and 

N expansion cone segments extending from the second tubular support member, each expansion 
cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet including arcuate 
conical outer surfaces; and 
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a retainmg member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment body to a corresponding one of 
the slots of the expansion cone support body; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating wift the L- 

shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped retaining member of the split 
ring collar. 

8. An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 

a first tubular support bod^, and 

an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N slots; 
an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defining an L- 

shaped slot; and 

N/2 first expansion cone segments extending from the second tubular support member, each first 
expansion cone segment comprising: 

a first resilient collet coupled to the second tubular support member, 

a first expansion cone segment body coupled to the resilient collet including 

arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a corresponding 
one of the slots of die expansion cone support body; 
N/2 second expansion cone segments extending &om the second tubular support member, each 
^Sipcond expansion cone segment comprising: 

a second resilient collet coupled to the second tubular support member, 

a second expansion cone segment body coupled to the resilient collet including 

arcuate conical omer surfaces; and ■ 
a second retaining member coupled to the expansion cone segment body for 

movably coupling die expansion cone segment body to a corresponding 
one of the slots of the expansion cone support body; 
wherein the second expansion cone segments overlap and are interleaved with the first 
expansion cone segments; 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a diird tubular siq)port body; 
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a first L-shaped retaining member coupled to the third tubular support body for mating with L- 

shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a third tubular support body defining: 

a slot for receiving and mating with die second L-shaped retaining member of the split 
ring collar. 

9. An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the first tubular suppoit body comprising: 
an N-stded tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defmes a T*shaped 
slot; 

N/2 first expansion cone segments movably coupled to the expansion cone support body, each comprising; 
a furst expansion cone segment body including arcuate conical outer surfaces; 
a fu^t T-shaped retaining member coupled to the fust expansion cone segment body for movably 
coupling the first expansion cone segment body to a corresponding one of the T-shaped 
slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a second expansion cone segment body including arcuate conical outer surfaces; 

a third T-shaped retaining member coupled to the second expansion cone segment body for 

movably coupling the second expansion cone segment body to a corresponding one of the 

T-shaped slots of the expansion cone support body; and 
a fourth T-shaped retainmg member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments are mterleaved; 

wherein the first expansion cone segment bodies are con^lementary shaped with respect to the second 

expansiottcohe segment bodies; 
a spHt ring collar assembly movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and fourth T- 
shaped retaining members of the interleaved first and second expansion cone 
segments; and 

an L-shaped retaining member coupled to the second tubular support body; and 
a tubular actuating sleeve movably coupled to the tubular support member that comprises: 
a thu-d tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining member of the split ring 
collar. 
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An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending fix)m die first tubular support body in the radial direction; and 

a second lug coupled to and extending from the first tubular support body in the radial direction; 
an adjustable expansion cone assembly movably coupled to the tubular support member; 
a first drag block assembly movably coupled to the tubular support member that comprises: 

a first drag block body coupled to the adjustable expansion cone assembly defining: 
a first J-shaped slot for receiving the first lug; and 

one or more first drag blocks coupled to the first drag block body; 
a second drag block assembly movably coupled to the mbular support member that comprises: 

a second drag block body defining: 

a second J-shaped AoX for receiving the second lug; and 

one or more second drag blocks coupled to the second drag block body; and 
first and second packer cups coupled to the tubular support member between the first and second drag 

block assemblies. 

The apparatus of claim 10, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first mbular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered mbular support member defines a T-shaped 
slot; , 
wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone support body, each 

comprising: 

an expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of die expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone segment body; and 
a split ring'collar movably coupled to the exterior of the tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first drag block body fiirtfaer defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

The apparatus of claim 10. wherein the mbular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprishig: 

a tapped mbular support member defining K stepped slots; 
wherdn the adjustable expansion cone assembly comprises: 
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an expansion cone assembly movably coupled to the tubular supportmember comprising: 

a second tubular support body movably coupled to the first tubular sq)pon body defining 

an L-shaped slot; and 

N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to die exterior of the tubular support member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular siq^port body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support member; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 



The apparatus of claim 10, wherein the tubular support memb^ further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defining 
an L-shaped slot; and 

N expansion cone segments extending firom the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansicm cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with L-shaped slot of the second tubular support body; and 
a second L-sh^>ed retaining member cotq)led to the third tubular si^pon body; 
wherehi the first drag block body Anther defines: 
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a slot for receiving and mating with the second Lrshaped retaining member of the split ring collar. 



14. The apparatus of claim 10, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defming N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to die first tubular support body defming 
an L-sh^ed slot; and 

N/2 first expansion cone segments extending from the second tubular support member, 
each first expansion cone segment comprising: 

a first resilient collet coupled to the second tubular support member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer sur&ces; and 
a first retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; 

N/2 second expansion cone segments extending from the second tubular support member, 
each second expansion cone segment comprising: 

a second resilient collet coupled to the second tubular support member; 
a second expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a second retaining member coupled to the expansion cone segment 

body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone 
support body; 

wherem the second expansion cone segments overlap and are interleaved with 
the first e3q}ansion cone segments; and 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
^third mbular support body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; 
vrherein the first drag block body fiulher defines: 

a slot for receiving and mating with the second L-shaped retaming member of the split ring collar. 

15. The ^params of claim 10. wherein the tubular support memba- further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

an N-sided tapered tubular support member; 

wherem each side of the multi-sided tapered tubular suppon member defines a T-shaped 
slo^ 
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wherein the adjustable e^qjansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a first expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the first expansion cone segment body for 
movably coupling the first expansion cone s^ment body to a corresponding one 
of the T-shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 

comprising: 

a second expansion cone segment body including arcuate conical outer siufaces; 

a third T-shaped retaining member coupled to the second expansion cone segment body 
for movably coupling the second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body; 
and 

a fourth T-shaped retaining member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary shaped with respect to the 

second expansion cone segment bodies; and 
a split ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second mbular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and 
fourth T-sh£4>ed retaining members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first drag block body fiirther defines: 

a slot for receiving and mating with the L-shaped retainmg member of the split ring collar. 

An apparatus for radially e:q>anding a tubular member, comprising: 
a tubu lar support fqcmber comprising: 

a first tubular support body defming a longimdinal passage; 

a first flange coupled to the first tubular suppon body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first mbular support bod>^ 
an adjustable expansion cone assembly movably coupled to Ae mbuiar support member; 
a first collet assembly movably coupled to the tubular support member that comprises: 

a first tubular sleeve coupled to the adjustable expansion cone assembly and defining: 
a first counterbore for receiving the first flange; and 
a first radial passage; 

a first spring received within the first counterbore; 
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a first retaining ring received within the first counterfoore; 

a first load transfer pin coupled to the first retaining ring and extending through the first radial 

passage; 

a second tubular sleeve coupled to the first load transfer pin; 

a first resilient collet coupled to the second tubular sleeve and positioned above the first tapered 
flange; and 

a third tubular sleeve coupled to the first resilient collet; 
a second collet assembly movably coupled to the tubular support member that comprises: 
a fourth tubular sleeve defining: 

a secOTd counterbore for receiving the second flange; and 
a second radial passage; 
a second spring received within the seamd counterbore; 
a second retaining ring received within the second counteriMire; 

a second load transfer pin coupled to the second retaining ring and extending through the second 
radial passage; 

a fif^ tubular sleeve coupled to the second load transfer pin; 

a second resilient collet coupled to the fifth tubular sleeve and positioned above the second tapered 
flange; and 

a sixth tubular sleeve coupled to the second resilient collet; and 
first and second packer cups coupled to the tubular support member between the first and second collet 
assemblies. 

The apparatus of claim 16, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

-air expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a con^nding one of 
the T-shaped slots of the expansion cone support body; and 
a second T-shaped retaming member coupled to the expansion cone segment body; and 
a split ring collar movably coupled to the exterior of die tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments; and 
an Leaped retaming member coupled to the second tubular support body; and 
wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of the spfit ring collar. 
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18. The apparatus of claim 1 6, wherein the tubular suppon member turther comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to tiie first tubular support body defining 

an L-shaped slot; and 
N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the expansion cone segment body for 
movably couplmg the expansion cone s^mem body to a 
corresponding one of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body: 

a fust L-shaped retaining member coupled to the third tubular suppon body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support memben 
wherein the first tubular sleeve of the first collet assembly furdier defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

19. The apparatus of claim 16. wherein the tubular support member further comprises: 

an expansion cone support body coupled to the first tubular support body comprising: 

a t^red tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

-asecond tubular support body movably coupled to the first tubular support body defining 
an L-shaped slot; and 

N expansion cone segments extending from the second tubular support member, each ' 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular si^port member; 
an oqjansion cone segment body cotq>led to the resilient collet 

including arcuate conical outer surfaces; and 
a retainmg member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
bod)^and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
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a third tubular support body; 

a first L-5haped retaining member coupled to the third tubular suppon body for mating 

with L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; 
wherein the firet tubular sleeve of the first collet assembly further dcfmcs: 

a slot for receiving and mating with the second L-shaped retaming member of the split ring collar. 

The apparatus of claim 16» wherem the tubular support member further comprises: 
an e3q>ansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming 
an L-sh^)ed slot; and 

N/2 first expansion cone segments extending fiom the second tubular support member, 
each first cxpaiision cone segment comprising: 

a first resilient collet coupled to the second tubular support member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone suppon 
body; 

N/2 second expansion cone segments extending from the second tubular support member, 
each second expansion cone segment comprising: 

a second resilient collet coupled to the second mbular support member; 
a second expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a second retaining member coupled to the expansion cone segment 

body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone 
support body; 

wherein the second expansion cone segments overlap and are interleaved with 
the first expansion cone segments; and 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body; 

a first L-sfaaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retainmg member coupled to the thn-d tubular sq)port body; 
wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the second L-shsq)ed retaming member of the split ring collar. 
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21 . The apparatus of claim 16, M^erein the tubular support member further comprises: 
an expansion cone support body coupled to tiie first tubular support body comprising: 

an N-sided tapered tubular support member, 

wherein each side of the muld-sided tapered mbular siq)port member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: , 

N/2 first expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a first expansion cone segment body including arcuate conical outer sur&ces; 

a first T-shaped retaining member coupled to the first expansion cone segment body for 
movably coupling the first expansion cone segment body to a corresponding one 
of the T-shaped slots of the expansion cone support body; and 

a second T-^aped retaining membo* coupled to the first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 

comprising: 

a second expansion cone segment body including arcuate conical outer surfaces; 

a third T-shaped retaining member coupled to the second expansion cone segment body 

for movably coupling the second expansion cone segment body to a 
. corresponding one of the T-shaped slots of the expansion cone support body; 

and 

a fourth T-shaped retaining member coupled to tiie expansion cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary shaped with respect to the 

second expansion cone segment bodies; and 
a split ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second and 
fourth T-sha|>ed retaining members of the interleaved first and second 
expansion cone segments; and 
^L-shaped retaining member coupled to the second tubular support body; and 
wherein the first mbular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shapcd retaining member of the split ring collar. 

22. An apparatus for radially expanding a tubular member, comprismg: 
a tubular siq>pon member comprismg: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fluidicly coupled to the longitudinal 

passage; 

a first flange coupled to the first tubular support body; 
a second flange coupled to the first mbular support body; 
a first tapered flange coupled to the fust tubular support body; and 
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a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support member, 
a first dog assembly movably coupled to the tubular support member that comprises: 

a first tubular sleeve coupled to the adjustable expansion cone assembly defining: 
a first counterbore for receiving the first flange; and 
a second radial passage; 
a first spring received within the first counteibore; 
a first retaining ring received within the first counterbore; 

a firat load transfer pin coupled to tiie first retaining ring and extending through the second radial 

passage; 

a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned adjacent to the first tapered 

flange; 

a second dog assembly movably coupled to the tubular support member that comprises: 
a third tubular sleeve defining: 

a second counterbore for receiving the second flange; 
a third radial passage; and 

a fourth radial passage fluidicly coupled to the first radial passage; 
a second spring received within the second counterbore; 
a second retaming ring received withm the second counterbore; 

a second load transfer pin coupled to the second retaining ring and extending through the third 

radial passage; 

a fourth tubular sleeve coupled to the second load transfer pin; 

a second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to the second 
tapered flange; and 

first and second packer cups coupled to the tubular support member between the first and second dog 
assemblies. 

Tlie apparatus of claim 22, wherein the tubular support member finther comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the muhi-sided tapered tubular support member defmes a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

an expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the expansion cone segment body for 

movably coupling the expansion cone segment body to a corresponding one of 
the T-shaped slots of die oqpansion cone support body; and 

a second T'Shq)ed retaining member coupled to the expansion cone segment body; and 
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a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a second mbular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first tubular sleeve of the fu-st dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

The apparatus of claim 22, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the fust tubular support body defining 

an L-shaped slot; and 
N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to tile second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a retaining member coupled to the e>q}ansion cone segment body for 
movably coupling the expansion cone segment body to a 
correspondmg <Hie of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to the exterior of the mbular support member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-sh£^ed slot of the second tubular support body; and 
a second L-shaped retaining member coupled to die third tubular support member; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot fof receiving and mating with the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 22, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

a tapered tubular support member definmg N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first Uibular support body definmg 

an L-shaped slot; and 
N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilloit collet coupled to the second tubular support member, 
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an expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surfaces; and 

a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
coiresponding one of the slots of the expansion cone support 
body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular suppon body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with L-shaped slot of the second tubular support body; and 
a second L-shaped retaming member coupled to the third tubular support body; and 
■ wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 22, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered mbular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the mbular support member comprising: 

a second tubular support body movably coupled to the fu^t tubular support body defining 
an L-shaped slot; and 

Ky2 first expansion cone segments extending from the second tubular support member, 
each first expansion cone segment comprising: 

a first resilient collet coupled to the second tubular support member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a fbst retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; 

second expansion cone segments extending from the second tubular support member, 
each second expansion cone segment comprising: 

a second resilient collet coupled to the second mbular support member, 
a second expansion cone segment body coupled to the resilient collet 

includmg arcuate conical outer surfaces; and 
a second retaining member coupled to the e}q>anston cone segment 

body for movably coupling the expansion cone segiment body 
to a corresponding one of the slots of the e}q)ansion cone 
support body; 

wherein the second expansion cone segments overlap and are interieaved with 
the first expansion cone segments; and 
a split ring collar movably coupled to the exterior of the mbular support member comprising: 
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a third tubular support body, 

a first L-shaped retaining member coupled to tfie third tubular support body for mating 

with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
wherein the first mbular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 22, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot; 

wherem the adjustable e>qpansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a first expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the first expansion cone segment body for 
movably coupling the first expansion cone segment body to a corresponding one 
of the T-shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 

comprising: 

a second expansion cone segment body includuig arcuate conical outer sur&ces; 

a third T-shaped retaining member coupled to the second expansion cone segment body 
for movably coupling the second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body; 
and 

a fourth T-shaped retaining member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary shaped with respect to the 

'Second expansion cone segment bodies; and 
a split ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T-shaped slots for movabty receiving corresponding ones of the second and 
fourth T-shaped retaining members of the interleaved first and second 
expansion cone segments; and 
an L-shaped retaining memb^ coupled to the second tubular support body; and 
wherein the tirst tubular sleeve of the fu-st dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining membo* of the split ring collar. 

An apparatus for radially expanding a tubular member, comprising: 
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a tubular support member comprising: 

a first tubular support body defining a longitudinal passage including a throat passage; 

a iirst radial passage defined in the first tubular support body fluidiciy coupled to the longitudinal 

passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to tfie first tubular support body defining; 

a second radial passage defined in the second flange fluidiciy coupled to the longitudinal 
passage; and 

an adjustable expansion cone assembly movably coupled to the tubular support member; 
a dog assembly movably coupled to the tubular support member that comprises: 

a first tubular sleeve coupled to the adjustable expansion cone assembly defining: 
a first counterbore for receiving the first flange; and 
a third radial passage; 
a spring received within tiie first counterbore; 
a retaining ring received within Ifae first counterbore; 

a load transfer pin coupled to the retaining ring and extending toough the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that defines: 
a first counterbore for receiving the first tubular sleeve; 
a second counterbore for receiving and mating with the tapered flange; and 
comprises; 

a third flange defining: 

a third counterbore for receiving the second flange; 
a fourth counterbore for receiving the second flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and poshioned adjacent to the tapered flange; 
and 

first and second packer cups coupled to the tubular support member between the resilient dog and the third 
flange. 

The apparatus of claim 28, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tsp&ced tubular support member defines a T-shaped 
slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movabiy coupled to the expansion cone support body, each 
comprising: 

an expansion cone segment body includmg arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the expansion cone s^ment body for 

movably coupling the expansion cone segment body to a corresponduig one of 
the T-shaped slots of the e3q>ansion cone siq>port body; and 

a second T-shaped retaining member coupled to the expansion cone segment body; and 
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a split ring collar movably coupled to tiie exterior of tfie tubular support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of the second T- 
shaped retaining members of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of the split ring collar. 

The apparatus of claim 28, wherein the tubular support member further comprises: 
an e3q>ansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N stepped slots; 
wherem the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to die tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming 

an L-sbaped slot; and 
N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprising: 

a resilient collet coupled to the second tubular support member; 
an expansion cone segment body coupled to the resilient collet 

including arcuate conical outer sur&ces; and 
a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the stepped slots of the expansion cone 
support body; and 

a split ring collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with the L-shaped slot of the second tubular suj^ort body; and 
a second L-shaped retaining member coupled to the thhxl tubular support member, and 
wherein the first tubular sleeve of the dog assembly further defmes: 

a slot forijBceiving and mating with the second L-shq}ed retaining member of the split ring collar. 

The apparatus of claim 28, wherein the tubular support member further comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defming 
an L-shaped slot; and 

N expansion cone segments extending from the second tubular support member, each 
expansion cone segment comprismg: 

a resilient collet coupled to the second tubular support member, 
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an expansion cone segment body cx>upled to the resilient collet 
including arcuate conical outer surfaces; and 

a retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a 
corresponding one of the slots of the expansion cone support 
body; and 

a spilt rmg collar movably coupled to the exterior of the tubular support member comprising: 
a third tubular suj^ort body; 

a first L-shaped retaining member coupled to the third tubular support body for mating 

with L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
wherein the first tubular sleeve of the dog assembly iiirther defines: 

a slot for receiving and mating with the second L-shaped retaining member of the splh ring collar. 

The apparatus of claim 28, vidierein the tubular support member further comprises: 
an expansion cone support body coupled to the tubular support body comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support member comprising: 

a second tubular support body movably coupled to the first tubular support body defining 
an L-shaped slot; and 

N/2 first expansion cone segments extending from the second tubular support member, 
each first expansion cone segment comprising: 

a first resilient collet coupled to the second tubular support member; 
a first expansion cone segment body coupled to the resilient collet 

including arcuate conical outer surfaces; and 
a first retaining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a 
coiresponding one of die slots of the expansion cone support 
body; 

W2 second expansion cone segments extending from the second tubular support member, 
each second expansion cone segment comprising: 

a second resilient collet coupled to the second tubular support member; 
a second expansion cone segment body coupled to the resilient collet 

including arcuate conical outer sur&ces; and 
a second retaining member coupled to the expansion cone segment 

body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone 
support body; 

wherein the second expansion cone segments overlap and are interleaved with 
the firet expansion cone segments; and 
a split ring collar movably coupled to the exterior of the tubular support member comprising: 
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a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular suppon body for mating 

' with the L-shaped slot of the second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular support body; and 
wherein the first tubular sleeve of the dog assembly further defmes: 

a slot for receiving and mating with the second L-shaped retaining member of the split ring collar. 

The apparatus of claim 28, wherein the tubular support member furdier comprises: 
an expansion cone support body coupled to the first tubular support body comprising: 
an N-sided tapered tubular support member; 

wherein each side of the multi-sided tapered tubular support member defines a T-shaped 
slot, 

wherein the adjustable expansion cone assembly comprises: 

'N/2 first expansion cone segments movably coupled to the expansion cone support body, each 
comprising: 

a first expansion cone segment body including arcuate conical outer surfaces; 

a first T-shaped retaining member coupled to the first expansion cone segment body for 
movably coupling the first expansion cone segment body to a corresponding one 
of the T-shaped slots of the expansion cone support body; and 

a second T-shaped retaining member coupled to tiie first expansion cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone support body, each 

comprising: 

a second expansion cone segment body including arcuate conical outer surfaces; 

a third T-shaped retaining member coupled to the second expansion cone segment body 
for movably coupling the second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body; 
and 

a fouith T-shaped retauiing member coupled to the expansion cone segment body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary shaped with respect to the 

^ond expansion cone segment bodies; and 
a split ring collar assembly movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defming: 

N T-shaped slots for movably receivmg corresponding ones of the second and 
fourth T-shaped retaining members of die interleaved first and second 
e}q}ansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support body; and 
wherein the first mbular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retainmg member of the split ring collar. 

An apparatus for radially expanding a tubular member, cominising: 
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a tubular support member; 

an adjustable expansioo cone assembly movably coupled to the tubular support member; and 
means for adjusting the adjustable expansion cone assembly. 

35. The apparatus of claim 34, wherein the means for adjusting the adjustable expansion cone assembly 
comprises: 

fictional means for adjusting the adjustable expansion cone assembly. 

36. The apparatus of claim 34, wherein the means for adjusting the adjustable expansion cone assembly 
comprises: 

resilient means for adjusting the adjustable expansion cone assembly. 

37. An adjustable expansion cone assembly, comprising: 
a tubular support member; 

an adjustable expansion cone movably coupled to the tubular support member, comprising: 
a plurality of expansion cone segments; and 

means for guiding the expansion cone segments on the tubular support member, and 
means for adjusting the adjustable expansion cone. 

38. The adjustable expansion cone assembly of claim 37, wherein the adjustable expansion cone further 
comprises: 

means for interlocking the expansion cone segments. 

39. The adjustable expansion cone assembly of claim 37, wherein the means for adjusting the adjustable 
expansion cone comprises: 

resilient means for supporting the expansion cone segments. 

40. The adjustable expansion cone assembly of claim 37, wherein the expansion cone segments include first 
and second interleaved groups of expansion cone segments. 

4 1 . The adjustable expansion cone assembly of claim 40, wherein the means for adjusting the adjustable 
expansion cone comprises: 

means for displacing the first and second interleaved groups of expansion cone segments in opposite 
directions. 

42. A method of operating an adjustable expansion cose assembly comprising a plurality of expansion cone 
segments, comprising: 

guiding the expansion cone segments on a tapered body; and 

controllably displacing the expansion cone segments along the tapered body. 

43. The method of clann 42, further comprising: 

resiliently guiding the expansion cone segments on the tapered body. 
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44. The method of claim 42, further comprising: 
interlocking the expansion cone segments. 

45. The method of claim 42, further comprising: 

dividing the expansion cone segments into first and second groups of expansion cone segments; and 
interleaving the first and second groups of expansion cone segments. 

46. The method of claim 45, further comprising: 

overlapping the first and second groups of expansion cone segments. 

47. The method of claim 45, wherein controUably displacing the expansion cone segments along the tapered 
body comprises: 

displacing the first and second interleaved groups of expansion cone segments in opposite directions. 

48. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

guiding the expansion cone segments on a multi-sided tapered body, 
mterlocking the expansion cone segments; and 

controUably displacing the expansion cone segments along the tapered body. 

49. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

resilienlly guiding the expansion cone segments on a multi-sided tapered body; 

guiding each of the expansion cone segments on opposite sides in the circumferential direction; 

interiocking the expansion cone segments; and 

controUably displacing the expansion cone segments along the tapered body. 

50. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

dividing the expansion cone segments into first and second groups of expansion cone segments; 

interleaving the first and second groups of expansion cone segments; 

overlapping the first and second groups of expansion cone segments; 

resiliently guiding the expansion cone segments on a multi-sided tapered body; 

guiding each of the expansion cone segments on opposite sides m the circumferential direction; and 

control iably displacing the expansion cone segments along the tapered body. 

51. A method of operating an adjustable expansion cone assembly comprising a plurality of expansion cone 
segments, comprising: 

dividing the expansion cone segments into first and second groups of expansion cone segments; 
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interleaving the first and second groups of expansion cone segments; 
guiding the expansion cone segments on a multi-sided tapered body; and 

controlJably displacing the expansion cone segments along the tapered body while also relatively displacing 
the first and second groups of expansion cone segments in opposite directions. 

52. A method of plastically deforming and radially expanding an expandable tubular member using an 
apparatus comprising a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, and an actuator movably coupled to the tubular support member for adjusting the 
adjustable expansion cone assembly^ comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
locking the actuator to the tubular support member of the apparatus; 
inserting the apparatus into the first end of the expandable tubular member; 

moving the actuator and the adjustable expansion cone assembly of the apparatus out of the second end of 

the expandable tubular member; 
reinserting the actuator of the apparatus into the second end of the expandable tubular member; 
unlocking the actuator from the tubular support member of the apparatus; 
rotating the actuator relative to the tubular support member of the apparatus; and 
increasing the outside diameter of the adjustable expansion cone assembly by moving the tubular support 

member relative to the actuator, the adjustable expansion cone assembly, and the expandable 

tubular member; and 

plastically deforming and radially expmding the expandable tubular member by moving the adjustable 
expansion cone assembly through the expandable tubular member. 

53. The method of claim 52, wherein the tubular support member includes one or more lugs; wherein the 
actuator includes one or more corresponding retaining slots; and wherein locking comprises positioning the lugs into 
the corresponding retaining slots. 

54. The method of claim 52, wherein the tubular support member includes one or more lugs; wherein the 
actuator mchides one or more corresponding retaining slots; and wherein unlocking comprises positioning the lugs 
out of engagement witfi corresponding retaming slots. 

55. The method of claim 52, wherein moving the tubular support member relative to the actuator, the 
adjustable expansion cone assembly, and the expandable tubular member comprises: 

the actuator frictionally engaging the expandable tubular member. 

56. The method of claim 52, wherein moving the adjustable expansion cone assembly through the expandable 
tubular member compr^s: 

pulling the adjustable expansion coae through the expandable tubular member. 

57. The method of claim 52, further comprising: 

fhiidicly sealing the interface between the tubular support member of the apparatus and the expandable 
tubular member, 
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wherein moving the adjustable expansion cone assembly through the expandable tubular member 
comprises: 

injecting a pressurized fluid into the tubular support member. 

58. A method of plastically deforming and radially expanding an expandable tubular member using an 
apparatus comprising a tubular support member, an adjustable expansion cone assembly movably coupled to the 
tubular support member, and an actuator movably coupled to the tubular support member for adjusting the 
adjustable expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 

inserting the apparatus into the first end of the expandable tubular member in a first direction; 

displacing the actuator of the apparatus in a second direction opposite to the first direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in the second direction; 

moving the actuator and the adjustable expansion cone assembly of the apparatus out of the second end of 

the expandable tubular member, 
reinserting the actuator of the apparatus into the second end of the expandable tubular member in the 

second direction; 

increasing the outside diameter of the adjustable expansion cone assembly by displacing the actuator and 
the adjustable expansion cone assembly relative to the expandable tubular member in the first 
direction; and 

plastically deforming and radially expanding the expandable tubular member by moving the adjustable 
expansion cone assembly through the expandable tubular member in the second direction. 

59. The method of claim 58, wherein displacing the actuator of the apparanjs in the second direction comprises: 
impacting the actuator with the first end of die expandable tubular member. 

60. The method of claim 58, wherein displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable tubular member in the first direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 

61 . The method of claim 58, wherein moving the adjustable expansion cone assembly through the expandable 
tubular member comprises: 

pulling the adjustable expansion cone through the e;q)andable tubular member. 

62. The method of claim 58, further comprising: 

fluidicly sealing the interlace between the tubular support member of the apparatus and the expandable 
tubular member; 

wherein moving the adjustable expansion cone assembly through the expandable tubular member 

comprises: 

injecting a pressurized fluid into the tubular support member. 



63. 



An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 
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means for guiding the expansion cone segments on a tapered body; and 

means for controllably displacing the expansion cone segments along the tapered body. 



64. The assembly of claim 63, ftirther comprising: 

means for resiliently guiding the expansion cone segments on the tapered body. 

65. The assembly of claim 63, further comprising: 
means for interlocking the expansion cone segments. 

66. The assembly of claim 63, further comprising: 

means for dividing the expansion cone s^ments into first and second groups of expansion cone segments; 
and 

means for interleaving the first and second groups of expansion cone segments. 

67. The assembly of claim 66, further comprising: 

means for overlapping the first and second groups of expansion cone segments. 

68. The assembly of claim 66, wherein the means for controllably displacing the expansion cone segments 
along the tiered body comprises: 

means for displacing the first and second interleaved groups of expansion cone segments in opposite 
directions. 

69. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for guiding the expansion cone segments on a multi-sided tapered body; 
means for interlocking the expansion cone segments; and 

means for controllably displacing the expansion cone seg^lents along the tapered body. 

70. An adjustable expansion cone assembly, comprising: 
a phirality of expansion cone segments; 

means for resiliemly guiding the expansion cone segments on a multi-sided tapered body; 

means for guiding each of the expansion cone segments on opposite sides in the circumferential direction; 

means for interlocking the expansion cone segments; and 

means for controllably displacing the e:q)ans!on cone segments along the tapered body. 

71 . An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of expansion cone segments; 

means for interleaving the first and second groups of expansion cone segments; 

means for overlapping the first and second groups of expansion cone segments; 

means for resiliently guiding the expansion cone segments on a multi-sided tapered body; 
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means for guiding each of the expansion cone segments on opposite sides in the circumferential direction; 
and 

means for controllably dispJacing the expansion cone segments along the tapered body. 

72. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of expansion cone segments; 
means for interleaving the first and second groups of expansion cone segments; 
means for guiding the expansion cone segments on a multi-sided tapered body; and 
means for conn-ollably displacing the expansion cone segments along the tapered body while also relatively 
displacing the first and second groups of expansion cone segments in opposite directions. 

73. . An apparatus for plastically deforming and radially expanding an expandable tubular member, comprising: 
a tubular support member; 

an adjustable expansion cone assembly movably coupled to the tubular support member; 

means for actuating the adjustable expansion cone assembly; 

means for locking the actuator to the nibular support member of the apparatus; 

means for unlocking the actuator from the tubular support member of the apparatus; 

means for increasing the outside diameter of the adjustable expansion cone assembly by moving the tubular 

support member relative to the actuator, the adjustable expansion cone assembly, and the 

expandable tubular member. 

74. The apparanis of claim 73, wherein the tubular support member includes one or more lugs; wherein the 
acniator includes one or more corresponding retaining slots; and wherein the means for locking comprises 
positioning the lugs into the corresponding retaining slots. 

75. The apparatus of claim 73, wherein the tubular support member includes one or more lugs; wherein die 
actuator includes one or more corresponding retaining slots; and wherein the means for unlocking comprises 
positioning the lugs out of engagement with corresponding retaining slots. 

76. The method of claim 73, further comprising: 

means for fluidicly sealing the interface between the tubular support member of the apparanis and the 
expandable mbular member. 



77. 



An apparatus for plastically defonning and radially expandmg an expandable hibular member, comprising: 
a tubular support memben 

an adjustable expansion cone assembly movably coupled to the tubular support member, 
means for actuating the adjustable expansion cone assembly; 
means for displacing the actuator of the apparatus in a first direction; 

means for applying a resiliert biasing force to the adjustable expansion cone assembly when the actuator is 
displaced in the first du-ectlon: 
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means for increasing the outside diameter of the adjustable expansion cone assembly by displacing the 

acniator and the adjustable expansion cone assembly relative to the expandable tubular member ii 
a second direction opposite to the first direction. 

78. The apparatus of claim 77, wherein the means for displacing the actuator of the apparanis in the fim 
direction comprises: 

means for impacting the actuator. 

79. The apparatus of claim 77, wherein the means for displacing the actuator and the adjustable expansion com 
assembly relative to the expandable tubular member in the first direction comprises: 

means for impacting the actuator. 
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